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INTEODUCTION. 


Pathology  treats  of  the  origin,  nature,  course,  and 
causes  of  those  changes  in  the  body  which  constitute 
disease ;  Morbid  Anatomy  or  Morhid  Histology,  of  the 
actual  alterations  in  the  tissues  which  the  disease  has 
produced.  The  former  is  therefore  comparable  w.th  Phy- 
siology, the  latter  with  the  Histology  of  the  normal 
tissues. 

By  disease  is  understood  some  deviation  from  the  state 
of  health ;  a  deviation  consisting  for  the  most  part  in  an 
alteration  in  the  functions,  properties,  or  structure  of  some 
tissue  or  organ,  owing  to  which  its  office  in  the  economy 
is  no  longer  performed  in  accordance  with  the  normal 
standard. 

Diseases  are  commonly  divided  into  two  classes — 
organic  and  functional.  The  former  comprise  all  those 
which  are  attended  by  structural  change  ;  the  latter  those 
in  which  no  such  change  is  discoverable.  Whether  it  be 
possible  for  the  function  of  an  organ  or  tissue  to  be  ab- 
noi-mally  performed  quite  irrespective  of  any  alteration  in 
its  structure  admits  of  some  doubt.  At  all  events,  as  our 
methods  of  minute  investigation  improve,  and  our  know- 
ledge of  morbid  histology  increases,  the  class  of  func- 
tional diseases  grows  less  ;  and  although  there  still  remain 
a  large  number  of  diseases  in  which  we  are  unable  to  re- 
cognise any  alteration  of  structure,  and  which  must 
therefore  still  be  described  as  functional,  it  is  probable 
that  all  disease  will  ultimately  be  found  to  be  attended 
by  more  or  less  material  change. 
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As  health  is  itself  merely  a  relative  term  and  implies 
no  definite  performance  of  the  processes  of  life,  so  disease 
is  equally  indefinite  ;  it  cannot  be  separated  from  health 
by  any  well-defined  boundary,  the  one  passing  by  in- 
sensible gradations  into  the  other. 

Disease  is  thus,  in  most  cases,  an  abnormal  performance 
of  those  jDrocesses  which  constitute  life,  and  a  knowledge 
of  these  jDrocesses  must  therefore  necessarily  precede  the 
study  of  pathology.  Life  comprises  the  formation  and 
maintenance  of  the  tissues  and  the  exhibition  of  their 
various  functions.  Such  formation  and  maintenance, 
which  may  be  included  under  the  general  term  of  Nutri- 
tion, consist  in  the  continuous  supply  of  new  material, 
the  separation  of  this  from  the  blood  and  its  appropria- 
tion by  the  tissues,  together  with  the  removal  of  the  pro- 
ducts of  their  waste.  Function  is  the  special  manifestation 
of  the  hfe  of  the  part,  as  distinct  from  its  growth  and  the 
maintenance  of  its  structure ;  in  the  secreting  cell,  con- 
sisting in  the  alteration  of  the  substances  abstracted  from 
the  blood  to  fulfil  some  special  purpose  in  the  economy  ; 
n  nerve,  in  the  transmission  of  impulses  of  motion  and 
sensation,  &c.  The  performance  of  function  is  obviously 
dependent  upon  the  state  of  nutrition.  When  both  of 
these  are  normal  the  condition  is  one  of  health,  when 
abnormal  one  of  disease. 

As  in  health  the  nutrition  is  principally  dependent 
upon  the  solid  tissues,  these  abstracting,  appropriating, 
and  altering  the  material  which  is  supplied  to  them  by 
the  blood ;  so  in  most  forms  of  disease  it  is  these  tissues 
which  play  the  more  important  part,  and  alterations  in 
them  are  amongst  the  most  frequent  of  the  morbid 
processes. 

The  supply  and  composition  of  the  blood  must  obviously 
at  the  same  time  constitute  most  important  factors  in 
disease.  Owing  to  the  intimate  relation  which  subsists 
between  the  blood  and  the  solid  tissues,  any  alteration  in 
the  composition  of  the  former  must  exercise  more  or  less 
influence  upon  the  nutritive  processes.    In  regarding  the 
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blood,  however,  as  an  element  in  tlie  causation  of  disease, 
it  must  be  borne  in  mind  tbat  tbis  fluid  is  in  a  state  of 
constant  dependence  upon  other  parts  ;  its  component 
elements  are  derived  from  external  sources  and  undergo 
continual  change,  and  although  possibly  under  certain 
cii-cumstances  it  may  become  altered  by  virtue  of  changes 
in  the  nutritive  activity  of  its  cellular  elements,  alterations 
in  its  constitution  must  in  most  cases  result  either  from 
some  change  in  the  process  of  its  formation,  as  from  the 
ingestion  of  improper  or  insufficient  food,  mal-assimila- 
tiou,  or  disease  of  the  lymphatic  structures  ;  from  changes 
in  the  secretoiy  or  excretory  processes ;  or  from  the  in- 
troduction of  foreign  substances,  derived  from  extraneous 
sources.  Whilst,  therefore,  alterations  in  the  composition 
of  the  blood  may  be  important  agents  in  the  production 
of  diseased  processes  in  other  tissues,  such  alterations  are 
in  most  cases  secondary  to  some  abnormality  in  its  for- 
mation or  depuration,  or  to  its  contamination  by  sub- 
stances derived  from  without.  Owing  to  the  facility  with 
which  it  becomes  the  recipient  of  foi-eign  substances,  it  is 
often  the  first  tissue  to  become  altered,  as,  for  example, 
in  many  of  those  diseases  which  owe  their  origin  to  the 
introduction  of  minute  organisms  ;  and  it  not  infrequently! 
constitutes  the  principal  seat  of  the  diseased  process. 

The  blood  may  also  play  an  important  part  in  disease, 
owing  to  an  abnormal  activity  of  its  white  corpuscles  and 
their  migration  through  the  walls  of  the  blood-vessels 
into  the  surrounding  tissues.  This  occurs  in  the  process 
of  inflammation,  and  probably  also  in  the  development  of 
many  of  the  new  formations. 

Lastly,  the  influence  of  the  nervous  system  must  be 
taken  into  account  in  consideiing  abnormal  conditions  of 
nutrition  and  function.  This,  by  regulating  the  circulation 
and  supply  of  blood,  must  to  a  certain  extent  control 
tissue-change.  The  results  of  experimental  and  clinical 
observation  render  it  exceedingly  probable  that  many 
nerves  also  contain  fibres  which  exercise  a  direct  influence 
upon  nutrition,  independently  of  that  which  is  due  to 
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their  vaso-motor  filaments.  In  suj^port  of  this  view  may- 
be adduced  the  well-known  observations  of  Ludwig  and 
Heidenhain  on  the  influence  of  the  chorda  tympani  upon 
the  secretion  of  the  submaxillary  gland,  which  prove  that 
the  increased  secretion  which  results  from  the  stimulation 
of  this  nerve  is  due  to  an  increased  activity  of  the  se- 
creting elements  of  the  gland  and  not  to  changes  in  the 
blood-vessels.  Eecent  histological  researches,  also,  which 
are  tending  to  show  that  nerve-fibres  terminate  in  the 
ultimate  elements  of  nearly  all  tissues,  and  the  fact 
that  very  rapid  atrophy  of  muscles  often  follows  certain 
lesions  of  the  nervous  centres  and  many  injuries  of  the 
nerve-trunks,  render  it  exceeding  probable  that  nutrition 
is  more  or  less  under  the  direct  influence  of  the  nervous 
system. 

The  first  part  of  this  work  will  be  devoted  exclusively  to 
the  consideration  of  morbid  processes  which  are  charac- 
terised mainly  by  alterations  in  nutrition;  the  second, 
to  those  in  which  an  altered  nutrition  is  associated  with 
certain  changes  in  the  blood-vessels  and  circulation  (in- 
flammation) ;  and  the  tliird,  to  changes  in  the  blood  and 
circulation  alone.  In  considering  the  several  morbid  pro- 
cesses, the  general  pathology  of  each  process  will  first  be 
described,  and  subsequently  the  same  process  as  it  occurs 
in  the  different  organs  and  tissues. 


CHAPTER  I. 


THE  CELL. 

As  the  most  important  element  in  nutrition,  botli  in 
healtli  and  disease,  is  the  activity  of  the  tissues  them- 
selves— the  supply  of  nutritive  material,  although  an 
essential,  being  merely  a  passive  part  of  the  process— it 
becomes  necessary  to  consider,  somewhat  minutely,  those 
parts  of  the  tissues  in  which  this  activity  resides. 

Ever  since  Schwann  discovered  the  cellular  nature  of 
animals,  and  established  the  analogy  between  animal  and 
vegetable  cells,  there  has  been  a  gradually  increasing 
conviction  amongst  physiologists,  which  has  now  become 
an  universally  accepted  physiological  and  pathological 
doctrine,  that  the  cell  is  the  seat  of  nutrition  and  func- 
tion; and  further,  that  each  individual  cell  is  itself  an 
independent  organism,  endowed  with  those  properties, 
and  capable  of  exhibiting  those  active  changes  which  are 
characteristic  of  hfe.  Every  organised  part  of  the  body 
is  either  cellular  or  is  derived  from  cells,  and  the  cells 
themselves  originate  from  pre-existing  cells,  and  under  no 
circumstances  do  they  originate  de  novo. 

Whilst  therefore  the  whole  body  is  made  up  of  cells, 
or  of  substances  derived  from  cells,  and  the  cell  is  itself 
the  ultimate  morphological  element  which  is  capable  of 
exhibiting  manifestations  of  life,  it  must  be  borne  in  mind 
that  in  a  complex  organism,  the  phenomena  of  life  are 
the  result  of  the  continued  activity  of  innumerable  cells, 
many  of  which  possess  distinct  and  peculiar  functions, 
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and  that  by  their  combination  they  become  endowed  vnth 
new  powers,  and  exhibit  new  forces,  so  that  although 
each  individual  unit  possesses  an  independent  activity, 
it  is  in  a  state  of  constant  dependence  upon  others  with 
which  it  is  more  or  less  intimately  associated. 

OoNSTiTTJTiON  OF  Oells. — When  the  analogy  was  esta- 
blished between  the  animal  and  vegetable  cell,  the  former 
was  held  to  be  constructed  in  all  cases 
■upon  the  same  principle  as  the  latter, 
and  to  consist  of  a  cell-wall,  enclosing  a 
cavity,  in  which  were  contained  a  nucleihs 
and  fluid  contents  (Fig.  1).  This  was 
the  idea  of  the  cell  held  by  Schwann  and 
Eemak,  and  supported  especially  by  Vir- 
chow,  who  maintained  that  these  three 
constituents  were  essential  to  its  vitality 
and  existence. 

During  recent  years,  however,  this  de- 
finition has  been  modified.  The  existence 
of  a  cell- wall  was  in  many  cases  not  evi- 
Cellsfrom  a  can-  dent.  In  embryonic  cells,  in  those  of  many 

wail,  cKon'te^S;  ^^^^^^J  S^o^^S  new  formations,  and  in 
nuclei,  and  nu-  the  cells  of  blood,  pus,  and  mucus  no  limit- 
cleoli.  The  nuclei  membrane  could  be  demonstrated, 
dividing.  This  led  to  a  new  definition  of  the  cell  by 

Leydig  and  Max  Schultze,  who  held  that  a  little  mass  of 
matter  enclosing  a  nucleus  was  all  that  was  necessaiy  for 
its  constitution.  The  latter  of  these  physiologists  not 
only  rejected  the  cell-wall  as  an  essential  constituent,  but 
established  the  identity  of  the  mass  of  matter  (cell- 
contents)  with  animal  sarcode — a  contractile  substance 
existing  in  the  lower  animals — and  showed  that,  like  it,  it 
was  endowed  with  the  power  of  spontaneous  movement. 
This  substance  he  called  protoplasm.  He  further  pointed 
out,  that  the  existence  of  a  distinct  cell-wall  was  the 
result  of  a  retrograde  process  taking  place  in  the  outer 
layers  of  the  protoplasm,  and  that  the  latter  was  the  real 
seat  of  the  activity  of  the  cell.    These  views  closely 
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correspond  with  tliose  held  by  Dr.  Beale  in  this  conn- 
try  * 

The  definition  of  a  cell  has  been  still  further  modified 
by  Briicke,  Strieker,  and  others,  who  consider  that  the 
existence  of  a  nucleus  is  not  essential  to  its  constitution. 
This  opinion  is  principally  based  upon  the  fact,  that  m 
the  cryptogamia,  and  in  some  of  the  lowest  animal  forms, 
cells  occur  in  which  no  nucleus  is  visible. 

It  would  thus  appear  probable  that  a  simple  mass  of 
protoplasm  may,  in  some  exceptional  cases,  be  all  that  is 
necessary  to  constitute  a  cell— i.e.,  an  elementary  orga- 
nism, capable  of  exhibiting  independently  all  the  pheno- 
mena of  life ;  but  that  the  nucleus  is  an  exceedingly 
constant  and  almost  invariable  constituent.  The  cell- 
wall  is  much  less  constant,  and  being  the  result  of  a 
retrograde  change  in  the  outer  layers  of  the  protoplasm, 
it  must  be  regarded,  in  point  of  vitality,  as  inferior  to  the 

rest  of  the  cell. 

Protoplasm  itself  is  an  unstable  albuminoid  compound, 
which  is  insoluble  in  water  and  coagulates  at  death.  As 
usually  met  with,  it  is  a  homogeneous  structureless 
material,  of  a  soft  and  viscid  consistence.  ^  In  con- 
sistence, however,  it  is  subject  to  variations,  being  some- 
times perfectly  fluid,  at  others  more  or  less  solid  and 
gelatinous.    In  old  cells  it  often  becomes  transformed, 
by  the  loss  of  water,  into  a  more  solid  albuminoid  sub- 
stance—/ceraim.    This  occurs  in  the  epidermis  and  nail. 
Protoplasm  may  also  become  gradually  converted  into 
other  modifications  of  the  protein  group— into  mucin, 
globuhn,  hajmoglobin,  &c.    The  cell-wall,  when  it  exists, 
is  of  much  firmer  consistence  than  the  protoplasm.  In 
some  cells  the  protoplasm  constitutes  but  a  small  propor- 
tion of  the  body  of  the  cell,  other  substances,  which  are 
either  the  result  of  its  metamorphosis,  or  have  been  taken 
up  from  without,  being  associated  with  it.    Thus  fat  is 


*  Dr.  Beale  calls  the  protoplasm,  germinal  matter  or  bioplasm; 
the  cell-wall,  formed  material. 
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met  with  in  tte  cells  of  adipose  tissue,  and  of  the  liver. 
(See  Fig,  6.)  Pigment,  calcareous  particles,  pepsine,  &c., 
are  also  met  with  in  cells. 

The  nucleus  is  more  constant  both  in  size  and  form 
than  the  cell.  It  is  usually  spherical  or  oval  in  shape, 
and  often  contains  one  or  more  minute  round  or  angular 
bodies,  termed  nucleoli.  It  offers  a  greater  resistance  to 
chemical  reagents  than  the  other  constituents  of  the  cell, 
and  in  disease  often  remains  after  these  have  been 
destroyed.    It  is  also  stained  more  deeply  by  carmine. 

The  original  form  of  the  nucleus  is  vesicular.  In  the 
earliest  cells  of  embryonic  tissue  it  possesses  a  delicate 
membrane  enclosing  a  nucleolus  and  fluid  contents, 
thus  resembling  in  its  structure  the  cell.  Subsequently, 
however,  it  loses  its  vesicular  character,  and  as  usually 
met  with  it  is  a  solid  perfectly  homogeneous,  or  faintly 
granular  body,  in  which  the  nucleolus  is  still  visible. 
The  recognition  of  the  nucleus  is  not  always  possible, 
owing  to  its  presence  being  obscured  by  fat,  pigment,  or 
other  substances  contained  vtdthin  the  cell  (See  Fio-.  27) 
In  some  cells  the  nuclei  gradually  disappear.  The  coloured 
blood-cells  and  the  cells  of  the  superficial  layers  of  the 
epidermis  are  examples  of  cells  in  which  the  original 
nucleus  has  become  lost.  Lastly,  it  must  be  mentioned, 
that  several  nuclei  may  be  contained  within  the  same 
cell. 

Physiology  of  Cells.— The  cell,  as  already  stated,  is 
capable  of  absorbing  and  transforming  matter,  of  excre- 
tion, and  of  growth.  It  is  also  endowed  with  the  power  of 
changing  its  form,  of  cohering  with  other  cells,  of  under- 
going more  or  less  active  movement,  and  of  reproduction. 
The  question  now  arises  as  to  what  part  is  played  by  its 
respective  constituents — whether  the  cell-waU,  the  Ibody 
of  the  cell  (protoplasm),  and  the  niicleus  have  difEerent 
offices. 

The  cell-wall,  being  the  result  of  a  retrogressive  change 
in  the  protoplasm,  cannot  be  regarded  as  taking  any 
part  in  the  life  of  the  cell,  the  activity  of  which  is  much 
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diminished  by  its  existence,  as  is  also  its- power  of  repro- 
ducing itself  by  simple  division.  It  is  m  old  cells  that  a 
cell-wall  is  most  frequently  met  with,  m  those  newly 
formed  it  is  entirely  wanting.  .  ^. 

The  nucleus  has  usually  been  looked  upon  as  the  seat 
of  the  niTtrition,  as  distinct  from  the  specific  functions  of 
cells,  and  has  been  supposed  to  play  an  important  part 
in  their  multiplication  and  reproduction.  The  fact  that 
when  a  cell  divides,  the  division  usually  commences  m 
the  nucleus,  and  only  subsequently  takes  place  in  the 
rest  of  the  ceU,  would  appear  to  favour  this  view ;  as 
would  also  the  great  uniformity  of  the  nucleus  both  m 
size  and  form,  whatever  be  the  functional  nature  of  the 
cell.  It  must  be  borne  in  mind,  however,  that  non- 
nucleated  cells  may  multiply,  and  that  nucleated  ceUs 
have  been  observed  to  divide,  the  nucleus  itself  taking  no 
part  in  tlie  process. 

Whatever  be  the  part  played  by  the  nucleus,  there  can 
be  no  doubt  that  the  protoplasm  is  the  most  important 
factor  of  the  cell,  and  it  may  itself  be  the  only  constituent. 
The  spontaneous  movements,  alterations  in  form,  and 
migratory  powers  characteristic  of  young  cells,  are  due  to 
the  protoplasm.  Such  movements  are  observed  in  the 
cells  of  the  embryo,  in  lymphoid  and  young  epithelial 
cells,  in  some  of  the  cells  of  connective  tissue,  and  in 
white  blood  and  pus  cells. 

The  protoplasm,  as  already  stated,  maybe  the  sole  seat 
of  the  nutritive  and  formative  power  of  the  cell.  It  would 
appear,  however,  probable  that  it  is  more  especially  con- 
cerned in  the  performance  of  function,  and  that  the  specific 
functional  peculiarities  of  cells  are  dependent  rather  upon 
it  than  upon  their  other  constituents.  The  volume  and 
consistence  of  the  x^rotoplasm  vary  in  difilerent  cells,  and 
in  the  same  cell,  at  different  times  and  under  dilferent 
circumstances.  It  is  apparently  capable  of  imbibing  and 
giving  up  fluids,  at  the  same  time  undergoing  corre- 
sponding alterations  in  volume.  These  considerations 
render  it  probable  that  it  is  the  seat  of  the  selective 
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power  of  the  cell,  and  of  those  other  properties  which 
represent  its  specific  functions. 

Genesis  of  Cells.— The  proposition  of  Yirchow,  that 
every  cell  originates  directly  from  a  pre-existing  cell,  forms 
the  basis  of  the  pathology  of  the  present  day.  To  Eemak, 
however,  must  be  ascribed  the  merit  of  having  first  esta- 
blished the  cellular  origin  of  the  tissues. 

The  multiplication  of  cells  may  take  place  in  three  ways 
—by  simple  division,  by  gemmation,  and  by  endogenous 
growth.  In  the  first  two  methods  the  cell  breaks  up  into 
fragments;  in  the  last,  new  cells  originate  within  the 
parent  cell.  The  process  is  obviously  associated  with 
growth  and  increase  of  the  protoplasm. 

The  multiplication  by  simple  division  is  the  most  fre- 
quent method.  The  cell  divides  and  forms  two  cells,  and 
each  of  these  again  divides  and  forms  two  more,  and  so 
on.  In  nucleated  cells  the  nucleus  as  a  rule  divides  first. 
The  nucleus,  however,  may  divide  and  multiply  within 

Fig.  2. 


A  MiiU'mMcleatecl  Cell.  From  tlie  hmg  iu  a  case 
of  CliTOiiio  Phthisis  Showing  the  large  uumber 
of  nuclei  -with  bright  nucleoli,    x  400. 

the  cell  without  any  division  of  the  cell  taking  place. 
If  the  nuclei  multiply  within  the  cell,  and  the  protoplasm 
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continuotisly  increase  without  subsequent  division  of  the 
ceU  taking  place,  large,  many-nucleated,  irregular-shaped 
masses  of  protoplasm  are  produced.  These  are  the  giant  or 
myeloid  cells,  which  are  met  with  in  the  medulla  of  young 
bone,  in  some  new  formations,  and  in  certaiu  inflamma- 
tory  growths.  (Fig.  2.)  (See  also  "Myeloid  Sarcoma, 
Pii  50)  The  existence  of  a  dense  cell-wall  interferes 
with  the  process  of  multiplication  by  simple  division. 

By  endogenous  multiplication  is  understood  the  de- 
velopment of  ceUs  within  pre-existing  cells.    The  multi- 
plication of  the  cells  of  cartilage,  such  as  occui-s  m  the 
growth  of  bone  and  in  the  process  of  iuflammation  has 
been  adduced  as  an  example  of  this  mode  of  cell  formation. 
Here,  However,  we  have  simply  the  division  of  the  carti- 
lage ceU  within  its  capsule,  and  the  process  is  precise  y 
similar  to  multiphcation  by  simple  division  (See  Fig.  «d  ci). 
The  mode  of  cell  formation  which  must  be  regarded  as 
strictly  endogenous,  is  what  is  now  commonly  known  as 
Vamolation.    This   was  described  some  time   ago  by 
Yirchow  in  his  "  Cellular  Pathology ;"  and  owing  to  the 
more  recent  researches  of  Klein  and  others,  it  now  occu- 
pies an  important  place  in  the  history  of  cell  development. 
The  process  consists  in  the  formation  of  a  vacuole  m  the 
body  of  the  cell.    This  vacuole  may  gradually  increase  m 
size  until  it  occupies  nearly  the  whole  of  the  cell,  being 
merely  surrounded  by  a  thin  layer  of  protoplasm,  m 
which  may  often  be  seen  the  displaced  nucleus  (Fig.  3,  h). 
Within  this  vacuole  one  or  more  new  elements  are  formed. 
These  either  originate  from  the  nucleus  of  the  cell,  or  they 
are  produced  from  the  protoplasm  which  forms  the  wall  of 
the  vacuole.    In  the  latter  case,  according  to  Dr.  Klem, 
buds  grow  out  from  the  protoplasmic  wall  towards  the 
interior  of  the  vacuole,  and  these  becoming  detached  form 
new  cells.*   A  vacuolated  cell  with  an  endogenous  brood 

*  "  The  Anatomy  of  the  Lymphatic  System,"  vol.  i.  pp.  55—60  ; 
and  Klein  on  "  Endothelical  vesicles  of  growing  blood-vessels  in  the 
embryo  cl.ick."  "  Sitzungberichte  der  Wiener  k.  Acadenue  d.  Wis- 
scenschafton,"  Part  for  March,  1871. 
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18  shown  m  the  accompanying  drawing  (Fig.  3),  for  wliich 
I  am  indebted  to  the  observer  just  quoted.  It  must, 
however,  be  remembered,  in  forming  any  conclusion  as  to 
the  origin  of  small  cells  within  a  larger  cell,  that  there 
exists  the  possibiHty  that  these  may  have  entered  from 
without. 

Fig.  3. 


A  Vacuolated  Cell.  a.  Protoplasm  of  cell  consti- 
tuting wall  of  the  vacuole,  b.  Displaced  nuclei 
c.  The  vacuole,  d.  Drop  of  fat.  e.  Endogenous 
brood.  (Klein.) 

The  endogenous  mode  of  cell  formation  is  not  that  by 
which  tissues  regenerate  themselves.  This  is  usually 
effected  by  simple  division.  Elements  which  have  an 
endogenous  origin  have  commonly  a  destiny  different  from 
that  of  the^iDareut  cell. 

In  multiphcation  by  gemmation,  a  small  portion  of  the 
protoplasm  projects  from  the  cell  and  becomes  detached 
by  constriction  at  its  base,  thus  forming  a  new  cell.  This 
is  much  less  frequent  than  the  two  former  processes.* 


*  The  author  -wishes  it  to  be  distmctly  understood,  that  in  the 
subsequent  pages  the  term  "  cell "  is  employed  to  designate  the 
most  elementary  factor  of  the  tissues  which  is  capable  of  exhibiting 
the  phenomena  characteristic  of  an  independent  organism,  quite 
irrespectively  of  the  existence  of  a  cell-wall,  or  even  of  a  nucleus. 


CHAPTER  II. 


NUTEITION  AERESTED. 

The  absolute  and  permanent  arrest  of  nutrition  consti- 
tutes local  or  systemic  death.  Under  this  head  are  in- 
cluded the  three  following  processes  : — 

■  1.  General  or  Systemic  Death. — In  this,  the  arrest  is 
general;  the  nutritive  processes  cease  throughout  the 
whole  body. 

2.  Gangrene  or  Necrosis. — The  arrest  is  local,  and  con- 
fined to  a  particular  part,  which,  when  dead,  retains  to 
a  greater  or  less  extent  its  external  form  and  anatomical 
characters. 

3.  Molecular  Death  or  Necrobiosis. — The  arrest  is  also 
local,  but  usually  results  from  a  previous  gradual  impair- 
ment of  the  nutritive  processes,  which  ultimately  entirely 
cease  in  some  of  the  histological  elements.  The  dead 
part  is  a  granular  debris  in  which  all  trace  of  the  original 
structure  is  lost.  This  will  be  considered  under  "  Atrophy 
and  Degeneration." 

^AUGEENE  OB,  NECROSIS. 

Gangrene  or  ]!^"ecrosis  is  the  complete  and  permanent 
arrest  of  nutrition  in  a  part — occurring  for  the  most  part 
more  or  less  suddenly — which,  when  dead,  retains  to  a 
greater  or  less  extent  its  external  form  and  anatomical 
structure.  The  series  of  processes  by  which  this  is 
brought  about  is  called  Mortification,  the  dead  tissue — a 
Sfhacelus  or  Slough.  In  bone  the  process  is  called 
Necrosis,  the  result — a  Sequestrum. 

The  arrest  of  nutrition  is  followed  by  the  complete 
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cessation  of  all  the  evidences  of  life  both  functional  and 
physical ;  and  the  part  thus  removed  from  the  influence  of 
the  "  vital  forces  "  undergoes  those  chemical  and  physical 
changes  which  are  common  to  inanimate  organic  matter. 
The  extent  of  these  changes  and  the  rapidity  with  which 
they  take  place,  will  vary  considerably  according  to  the 
nature  of  the  surrounding  media,  and  to  the  amount  of 
blood  and  fluids  contained  in  the  part.  When  the  gan- 
grene is  due  to,  or  associated  with,  venous  obstruction, 
and  the  return  of  blood  and  absorption  of  fluids  are  thus 
interfered  with,  the  decomposition  of  the  dead  tissue,  if 
exposed  to  the  air,  proceeds  rapidly.  In  a  hmb,  for 
example,  the  coldness  and  the  paralysis  of  motion  and 
sensation,  which  are  amongst  the  earliest  signs  of  the 
cessation  of  life,  are  followed  by  the  transudation  of  the 
liquor  sanguinis  from  the  blood-vessels,  and,  evaporation 
being  to  a  great  extent  hindered  by  the  epidermis,  the 
transuded  and  accumulated  liquids  often  form  large  bullae 
on  the  surface.  As  decomposition  proceeds,  gases  are 
generated  in  the  part — principally  sulphuretted  hydrogen, 
ammonia,  nitrogen,  and  carbonic  acid.  These  give  rise  to 
the  emphysematous  crackling  which  is  so  often  associated 
with  the  gangrenous  process.  The  tissues  at  the  same 
time  undergo  a  process  of  softening  or  Liquefaction,  the 
limb  becomes  exceedingly  offensive,  and,  owing  to  altera- 
tions in  the  transuded  hasmoglobin,  changes  from  a  reddish 
colour  to  a  brownish  or  greenish  black : — this  is  Moist 
Gangrene.  In  those  cases,  on  the  other  hand,  in  which 
the  gangrene  is  associated  with  obstruction  of  the  main 
arteries,  as  in  senile  gangrene,  in  the  gangrene  due  to 
embolism,  and  in  that  induced  by  ergot  of  rye,  there  is  no 
accumulation  of  blood  or  fluids  in  the  part,  so  that  de- 
composition proceeds  much  less  rapidly  than  in  the 
preceding,  and  the  dead  tissue  may  gradually  dry  up  and 
become  converted  into  a  black  shrunken  mass,  which 
undergoes  but  little  further  change  :■ — this  constitutes 
Drij  Gangrene  or  Mummification. 

The  characters  of  the  dead  part  vary  with  its  structure, 
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its  vascularity,  the  cause  of  the  gangrene,  the  acuteness 
of  the  process,  and  the  possibility  of  the  access  of  atmo- 
spheric air.  The  more  vascular  the  tissue,  the  softer  its 
structure,  and  the  more  it  is  exposed  to  the  atmosphere, 
the  more  rapidly  and  completely  does  it  undergo  decom- 
position. Bone,  cartilage,  and  tendons,  which  are  firm 
tard  tissues,  containing  comparatively  but  few  vessels, 
undergo  very  little  alteration  in  structure  and  form; 
whereas  softer  parts  are  much  more  raj)idly  and  com- 
pletely destroyed. 

The  occurrence  of  decomposition  manifests  itself  in  the 
first  place  in  the  blood  contained  in  the  j)ai-t :  this  fluid 
undergoes  the  earliest  and  most  rapid  change.  The 
hasmoglobin  escapes  from  the  red  corpuscles,  partly  by 
exudation,  and  partly  by  the  destruction  of  the  cor- 
puscles themselves,  and  dissolved  in  the  liquor  sanguinis 
permeates  the  surrounding  tissues.  The  corpuscles  are 
ultimately  completely  annihilated,  nothing  remaining  but 
a  few  minute  granules. 

The  staining  of  the  tissues  with  haemoglobin  is  com- 
monly known  as  post  mortem  staining,  and  the  appear- 
ances it  presents  are  very  characteristic.  All  the  tissues 
may  be  more  or  less  aifected,  but  the  lining  membrane  of 
the  heart  and  large  blood-vessels,  being  in  immediate 
contact  with  the  blood  after  death,  are  naturally  more  so 
than  other  parts.  The  staining  is  of  .an  uniform  pinkish- 
red  colour,  thus  differing  from  the  punctiform  and  strati- 
form redness  of  hypersemia,  from  which  it  must  be 
carefully  distinguished.  The  amount  of  staining  is  in 
proportion  to  the  rapidity  with  which  decomposition  has 
taken  place,  and  to  the  amount  of  blood  contained  in  the 
part  at  the  time  of  death. 

Rigor  Mortis.— In  muscle  the  arrest  of  nutrition  is 
accompanied  by  a  state  of  rigidity,  known  as  the  Bigor 
Mortis.  This  is  a  peculiar  condition  of  the  muscles  ob- 
served in  almost  all  bodies  after  death,  in  which  they  be- 
come firm  and  somewhat  shortened,  as  though  in  a  state 
of  chronic  contraction.  It  comes  on  as  soon  as  the  muscles 
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liave  lost  their  irritability,  i.e.  their  capability  of  respond- 
ing to  artificial  stimulation  ;  in  other  words,  as  soon  as  the 
nutritive  processes  have  completely  ceased.  The  time  of 
its  appearance  vnll  therefore  depend  upon  the  state  of 
nutrition  of  the  muscles  at  the  time  of  death ;  the  more 
healthy  and  vigorous  this  is,  the  longer  it  is  before  the 
nutritive  processes  completely  cease,  and  consequently  the 
longer  it  is  before  the  rigor  mortis  supervenes.  The 
length  of  its  duration  and  its  intensity  are  in  direct  pro- 
portion to  the  lateness  of  its  appearance.  In  people,  for 
example,  who  are  in  perfect  health,  and  die  suddenly,  as 
from  accident,  the  rigor  mortis  does  not  usually  come  on 
until  from  ten  to  twenty -four  hours  after  death ;  it  is  very 
marked,  and  often  lasts  two  or  three  days.  In  those,  on 
the  other  hand,  who  die  from  some  exhausting  disease,  as 
from  chronic  phthisis  or  the  adynamic  fevers,  in  which  the 
nutrition  of  the  muscles  becomes  much  impaired,  the  rigor 
mortis  appears  very  soon,  sometimes  as  early  as  ten 
minutes  after  death  ;  it  is  very  slight  and  ma}--  pass  off  in 
less  than  an  hour.  It  has  been  said  that  in  cases  of  death 
from  poisoning  by  carbonic  acid  and  sulphuretted  hydro- 
gen, from  Hghtning,  and  from  some  of  the  severer  foi'ms  of 
the  adynamic  fevers,  the  rigor  mortis  is  entirely  absent. 
It  is  doubtful,  however,  if  this  is  the  the  rigor 

mortis  has  probably  escaped  observation,  owing  to  its 
early  supervention  and  rajDid  disapj^earance.  As  soon  as 
the  rigor  mortis  has  passed  off,  decomposition  of  the 
muscular  tissue  commences. 

The  rigor  mortis  occurs  not  only  as  the  result  of  syste- 
mic and  local  death,  but  it  may  also  be  induced  artificially 
by  temporarily  arresting  the  nutrition  of  the  muscle.  If 
the  supply  of  blood  to  a  muscle  be  cut  off  by  the  appHca- 
tion  of  a  ligature  to  the  artery  supplying  it,  it  quickly 
passes  into  a  condition  which  is  indistinguishable  from 
the  rigor  mortis.  If  the  Hgature  be  removed  sufficiently 
early,  this  disappears,  and  the  vitality  of  the  muscle  is 
restored. 

With  regard  to  the  nature  of  the  change — it  was  for- 
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merly  supposed  to  be  a  spontaneous  contraction,  the  last 
act  of  vitality  on  the  part  of  the  muscle.  More  recently, 
however,  Kiihne  and  others  have  shown  that  it  is  really 
owing  to  the  coagulation  of  the  albuminous  substance 
of  the  muscle — myolin.  The  myelin  fluid,  during  life, 
coagulates  when  nutrition  has  ceased,  the  coagulation 
being  attended  by  the  liberation  of  a  free  acid.  Thus  is 
produced  the  firmness,  hardness,  and  opacity  of  the 
muscle,  which  disappear  as  soon  as  disintegration  and 
decomposition  commence.  The  transverse  striation  of  the 
fibres  then  becomes  indistinct,  and  gives  place  to  irregular 
rows  of  granules  and  fat  molecules,  the  muscle  softens, 
its  sarcolemma  is  destroyed,  and  ultimately  nothing  re- 
mains but  a  soft  structureless  debris. 

A  similar  coagulation  takes  place  in  the  cells  of  plain 
involuntary  muscle,  and  here  also  a  rigor  mortis  occurs. 
In  the  cells  of  all  other  tissues  a  coagulation  of  the  proto- 
plasm occurs  on  the  cessation  of  the  nutritive  processes ; 
the  cells  become  cloudy  and  granular,  and  then  break  up 
into  molecules  of  various  sizes. 

Eespecting  the  disintegration  of  other  tissues : — The 
cells  of  adipose  tissue  rapidly  diminish  in  size,  owing  to 
the  escape  of  the  fluid  fat,  which  difi^ases  itself  throughout 
the  surrounding  structures.  The  fibres  of  connective 
tissue  swell  up,  become  opaqae,  and  ultimately  liquefy 
In  nerve-fibres,  the  white  substance  of  Schwann  coao-u- 
lates  and  collects  into  small  drops  (myolin)  within  the 
neurilemma.  Cartilage  and  bone  resist  the  necrotising 
process  longer  than  any  of  the  tissues  and  are  the  least 
altered  by  it. 

The  tennination  of  the  gangrenous  process  varies.  It 
may,  after  involving  a  greater  or  less  extent  of  tissue, 
become  arrested,  and  a  "line  of  demarcation"  form  be- 
tween the  dead  and  living  parts  {Gircumscribed  Gangrene); 
or  the  process  may  continue  to  extend  without  any  such 
attempt  at  recovery  {Diffuse  Gangrene).  When  the  pro- 
cess becomes  arrested,  the  dead  tissue — the  sjihacelus  or 
slough— acts  as  a  foreign  body,  and  as  such  sets  up 
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inflammatory  clianges  in  the  adjacent  living  structtireB, 
and  by  ttis  means  it  is  ultimately  removed  or  becomes 
encapsuled.    The  tissues  immediately  surrounding  tbe 
necrosed  part  are  thus  in  a  state  of  inflammation,  as  is 
evidenced  in  external  structures  by  their  swelled  condi- 
tion, red  colour,  and  high  temperature.    As  the  gangre- 
nous process  ceases,  the  necrosed  fragment  becomes 
limited  by  this  line  of  inflamed  tissue,  which  constitutes 
the  "line  of  demarcation"  between  the  dead  and  living 
parts.    Along  this  line  a  process  of  ulceration  and  sup- 
puration takes  place,  and  by  means  of  this  the  dead  mass 
is  gradually  separated  from  the  surrounding  structures. 
The  ultimate  termination  of  the  process  depends  princi- 
pally upon  the  sitiiation  of  the  afi'ected  part — if  this  be 
superficial,  the  slough  is  thrown  off,  as  in  external  parts, 
the  intestines,  the  pharynx,  &c.,  an  ulcerated  surface 
being  left.  If  the  dead  mass  is  deeply  seated,  its  removal 
becomes  possible  only  by  the  extension  of  the  necrotising 
process  to  the  surface,  as  is  exemplified  by  the  sponta- 
neous removal  of  necrosed  bone  through  fistulous  open- 
ings in  the  soft  parts.    In  other  cases  the  inflammatory 
I)rocess  which  takes  place  in  the  tissues  surrounding  the 
dead  part  is  less  intense,  and  the  formation  of  pus  is  less 
abundant,  and  is  soon  followed  by  that  of  connective 
tissue,  a  layer  of  which  is  ultimately  formed  around  the 
necrosed  mass  by  which  it  becomes  encapsuled.  This 
occurs  especially  in  internal  parts.    Examples  of  it  are 
furnished  by  foreign  bodies,  hsemorrhagic  infarcts,  accu- 
mulated epithelial  products,  portions  of  necrosed  bone, 
and  a  foetus  in  the  abdominal  cavity,  aU  of  which  may 
thus  become  surrounded  by  a  layer  of  connective  tissue. 
The  part  when  thus  encapsuled  is  -usually  rendered  inert, 
and  no  longer  acts  as  an  irritant  to  the  tissues  in  which 
it  lies ;  it  undergoes  a  gradual  process  of  absorption  and 
drying  up,  and  often  becomes  calcified. 

Causes.— The  causes  of  gangrene  may  be  divided  into 
those  which  interfere  with  the  supply  of  nutritive  mate- 
rial, and  those  which  directly  destroy  the  vitality  of  the 
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histological  elements,  so  that  they  are  no  longer  able  to 
perform  their  functions. 

A.  The  supply  of  nutritive  material  may  be  interfered 
with  by : — 

1.  Ohstruction  in  the  Arteries. — This  is  a  common  cause 
of  gangrene.  The  obstruction  may  be  caused  by  a  liga- 
ture, by  compression  of  the  vessel,  by  solution  of  its  con- 
tinuity, by  thrombosis  or  embolism,  and  by  disease  of 
the  arterial  coats.  If  the  obstruction  be  complete  and  a 
collateral  circulation  cannot  be  established,  death  of  the 
part  quickly  ensues.  Obstruction  to  the  arteries  alone, 
the  return  of  blood  by  the  veins  not  being  interfered  with, 
usually  produces  the  dry  form  of  gangrene. 

2.  Ohstriidion  in  the  Capillaries. — Obstruction  here  is 
usually  the  result  of  pressure  upon  or  stretching  of  the 
vessels.  This  may  take  place  from  the  accumulation  of 
inflammatory  products,  hEemorrhage,  or  from  the  pressure 
exercised  by  new  growths.  The  resulting  obstruction  to 
the  capillary  circulation  causes  the  death  of  the  imme- 
diately adjacent  tissiies.  As  examples  of  gangrene  £i-om 
this  cause  may  be  mentioned  the  necrosis  of  the  super- 
ficial layers  of  the  bone  which  so  frequently  results  from 
periostitis,  owing  to  the  compression  of  the  capillaries 
between  the  bone  and  the  periosteum ;  also  the  sloughing 
of  the  mucous  membranes  in  diphtheria,  and  of  the  skin 
over  a  quickly  growing  abscess. 

3.  Ohstruction  in  the  Veins. — Obstruction  to  the  return 
of  blood  by  the  veins  must  be  so  complete,  in  order  to 
ai-rest  nutrition,  that  it  is  in  itself  rarely  a  cause  of 
gangrene.  It  is  when  associated  with  obstruction  in 
the  arteries  that  it  constitutes  an  important  agent  in 
producing  this  result.  This  combination  of  venous  and 
arterial  obstruction  is  seen  in  a  strangulated  hernia,  in 
the  invagination  of  a  portion  of  the  intestine,  in  the 
constriction  of  a  part  by  a  tight  bandage,  and  in  contu- 
sions and  lacerations  of  the  soft  parts  in  which  both 
arteries  and  veins  are  injured  or  become  strangulated  by 
the  tension  of  the  tissues  which  subsequently  ensues.  In 
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all  cases  in  which  gangrene  is  associated  with  venous 
obstruction  it  is  of  the  moist  variety. 

4.  Biminitilied  Cardiac  Power. — This  is  never  inde- 
pendently a  cause  of  gangrene.  In  cases,  however,  of 
excessive  general  debility  or  disease  of  the  cai-diac  sub- 
stance, the  consequent  diminution  in  the  contractile 
power  of  the  heart  materially  aids  the  foregoing  causes 
in  producing  a  fatal  blood-stasis.  The  arrest  of  the  cir- 
culation in  "  senile  gangrene,"  and  that  which  so  often 
occurs  in  the  tissues  of  the  back  in  adynamic  fevers  and 
in  chronic  exhausting  diseases,  is  in  part  the  result  of 
diminished  cardiac  power.  This  arrest  in  the  last-named 
conditions,  is  usually  determined  by  some  injurious 
stimulation  of  the  tissue — in  other  words,  it  is  a  part  of 
an  inflammatory  process. 

5.  Inflammation. — The  effect  of  the  inflammatory  pro- 
cess is  to  impede  or  arrest  the  circulation,  and  to  impair 
the  vitality  of  the  affected  part,  and  the  intensity  of  the 
process  may  be  so  great  as  to  permanently  arrest  the 
circulation  and  cause  gangrene.  Gangrene  from  inflam- 
mation has  been  called  inflammatory,  acute,  or  hot  gan- 
grene. It  is  always  of  the  moist  variety,  and  is  charac- 
terised by  the  heat,  swelling,  tension,  and  redness  of  the 
affected  part,  which  quickly  becomes  flaccid,  cold,  of  a 
greenish-black  colour,  and  exhales  an  offensive  odour. 
Certain  inflammations  have  a  special  tendency  to  termi- 
nate in  gangrene,  as  diphtheria,  erysipelas,  carbuncle, 
and  "  hospital  gangrene."  In  these  conditions  the  gan- 
grenous tendency  is  probably  due  to  some  alteration  of 
the  blood,  possibly  to  the  presence  of  minute  organisms. 
In  all  cases,  the  more  impaired  the  nutrition  of  the  part 
which  becomes  the  seat  of  an  inflammatory  process,  the 
more  likely  is  this  to  cause  its  death. 

B.  Destruction  of  the  vitality  of  the  histological  ele- 
ments may  be  caused  by  : — 

1.  Mechanical  Agencies. — Under  this  head  are  included 
external  violence,  heat,  cold,  and  corrosive  substances,  all 
of  which,  by  directly  and  completely  destroying  vitality, 
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may  be  causes  of  gangrene.    In  most  cases,  liowever, 
this  result  is  preceded  by  more  or  less  inflammation. 

2.  Poisons  introduced  into  the  Circulation. — Pbospborus 
and  ergot  of  rye  are  tbe  most  important  of  these.  The 
necrosis  of  the  jaw  which  results  from  phosphorus  ap- 
pears, however,  to  be  owing  to  the  direct  contact  of  the 
phosphorus  with  the  bone,  and  the  gangrene  of  the  ex- 
tremities which  sometimes  follows  the  long-contimied 
ingestion  of  ergot,  is  probably  due  to  that  contraction  of 
the  small  arteries  which  this  substance  produces. 

Senile  Gangrene. — This  is  a  form  of  mortification 
which  affects  especially  the  lower  extremities  of  old 
people,  and  is  the  result  of  several  of  those  conditions  which 
have  already  been  enumerated  as  causes  of  gangrene. 

The  most  important  element  in  the  production  of  senile 
"gangrene  consists  in  the  occurrence  of  atheromatous  or 
calcareous  changes  in  the  arteries  of  the  limb,  in  conse- 
quence of  which  the  circulation  in  it  becomes  impeded  and 
its  vitality  impaired.    This  is  evidenced  by  the  coldness 
of  the  feet,  the  cramps,  and  the  other  abnormal  sensa- 
tions which  are  so  often  experienced  by  the  patient  some 
time  before  the  gangrene  sets  in.    This  tendency  to  local 
stagnation  of  the  circulation  is  usually  materially  in- 
creased by  the  simultaneous  atrophy  or  degeneration  of 
the  muscular  substance  of  the  heart  itself.  The  combined 
effect  of  the  diminished  vis  a  tergo  and  of  the  arterial 
degeneration  may,  in  some  cases,  be  alone  sufficient  to 
cause  arrest  of  the  circulation  and  the  formation  of 
thrombi  in  the  vessels  of  the  limb,  and  thus  to  cause 
gangrene.    The  supervention  of  the  gangrene,  however, 
is  usually  determined  by  some  injurious  stimulation  of 
the  tissue,  as  a  slight  abrasion  of  the  foot,  a  bruise,  injury 
to  a  corn,  or  excess  of  heat  or  cold,  which  sets  up  in- 
flammation in  the  already  weakened  part,  and  thus  by 
still  further  obstructing  the  circulation  in  it,  and  impair- 
ing its  vitality,  causes  its  death.    Senile  gangrene,  being 
associated  with  arterial  obstruction,  is  usually  of  the  dry 
variety. 


CHAPTER  III. 


NUTRITION  IMPAIRED, 

It  has  been  seen  in  the  preceding  chapter  that  the  abso- 
lute arrest  of  nutrition  is  followed  by  the  complete  cessa- 
tion of  all  manifestations  of  vitality  and  function,  con- 
stituting local  or  systemic  death.  Those  conditions  must 
now  be  considered  in  which  the  interference  with  nutri- 
tion, for  the  most  part,  falls  short  of  absolute  arrest,  and 
in  which,  although  vitality  is  impaired,  death  is  only  an 
occasional  sequence.  Such  conditions  are  comprised 
under  "  Atrophy,"  and  "  Degeneration." 

ATROPHY. 

Atrophy  is  a  diminution  in  the  amount  of  a  tissue, 
owing  either  to  diminution  in  the  size,  or  diminution  in 
the  numher,  of  the  histological  elements  of  which  it  is 
composed.  It  is  attended  by  loss  of  weight,  and  impair- 
ment of  function. 

When  the  elements  are  diminished  in  size  only,  it  is 
called  Simple  Atrophy  ;  when  the  numher  is  diminished, 
it  is  called  Numerical  Atrophy.  These  two  varieties  are 
often  associated,  being  difEerent  stages  of  the  same  pro- 
cess :  simple  atrojihy  may,  however,  exist  without  nume- 
rical atrophy,  but  numerical  never  exists  without  simple. 

I.  SxMPLE  Atuophy. — Simple  diminution  in  the  size  of 
the  elements  of  a  tissue  is  by  far  the  most  common  con- 
dition met  with  in  atrophy.  It  is  well  exemplified  by 
what  takes  place  in  ordinary  emaciation,  in  which  the  fat 
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gradually  disappears  from  the  subcutaneous  adipose 
tissue.  Adipose  tissue  is  merely  common  connective 
tissue,  many  cells  of  which  are  distended  with  fat.  When 
a  person  emaciates,  the  fat  is  gradually  removed  from  the 
cells,  so  that  they  diminish  in  size,  and  the  fat  which 
completely  fiUed  the  ceU  may  be  reduced  to  a  few  isolated 
drops  :  the  cell-wall  and  nucleus  at  the  same  time  often 
become  distinctly  visible  (Fig.  4).  Here  there  is  no  de- 
struction of  the  cells,  no  diminution  in  their  number,  but 
simply  the  removal  of  some  of  their  contents.  As  the  fat 
is  removed  from  the  cells  it  is  often  partially  replaced  by 
a  serous  fluid. 

Fm.  4. 


a  A 


Adipose  tissue.  A.  Normal.  B.  Atrophic,  from  a  case  of 
phthisis,  a.  A  single  fat-cell  with  cell-wall,  nucleus,  and 
drop  of  fat.    x  300.  (Vii-chow.) 

This  diminution  in  the  size  of  the  elements  may  take 
place  in  any  tissue.  The  cells  of  all  glandular  organs 
may  thus  become  atrophied,  and  so  produce  a  diminution 
in  the  size  of  the  whole  organ  ;  tliis  is  constantly  met 
with  in  the  liver,  kidneys,  mammary  gland,  spleen, 
testicles,  lymphatic  glands,  and  other  parts.  Musciilar 
tissue  in  the  same  way  atrophies  by  the  diminution  in  the 
size  of  its  primitive  fasciculi :  this  is  seen  in  the  heart 
and  in  the  voluntary  muscles.  In  all  these  cases  the 
elements  remain  almost  unchanged,  and  hence  all  that 
is  necessary  for  the  restitution  of  the  tissue  is  an  increase 
in  their  nutritive  activity,  and  the  assimilation  of  more 
material. 
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II.  Numerical  Atrophy.— This  is  an  advanced  stage 
of  the  former  process  :  the  elements  are  not  only  dimi- 
nished in  size,  but  some  of  them  have  actually  perished 
and  ceased  to  exist  as  vital  agents. 

This  destruction  of  histological  elements  which  occurs 
both  m  atrophy  and  in  some  forms  of  degeneration— and 
IS  called  by  Virchow,  Necrobiosis— must  be  distinguished 
from  the  death  of  circumscribed  portions  of  tissue  which 
constitutes  gangrene  and  necrosis.  The  two  processes 
resemble  one  another  in  so  far  as  death  is  common  to 
both  of  them.  In  Necrobiosis,  however,  the  change  is  a 
molecular  one ;  there  is  a  gradual  exhaustion  of  vital 
power,  a  molecular  disintegration  and  destruction  of 
elements,  so  that  at  the  termination  of  the  process  all 
that  remains  is  a  granular  debris,  in  which  but  little  or 
no  trace  of  the  former  structure  of  the  part  can  be  dis- 
covered. The  death  and  desquamation  of  the  superficial 
layers  of  the  epidermis  is  a  well-known  example  of  this 
molecular  change.  Gangrene,  on  the  other  hand,  afi'ects 
circumscribed  tracts  of  tissue,  and  is  the  result  of  some 
sudden"  arrest  of  nutrition,  as  distinguished  from  the 
gradual  exhaustion  of  vital  power.  Death  is  more  sud- 
denly induced,  and  a  necrosed  mass  remains  at  the  ter- 
mination of  the  process  in  such  a  condition  that  the 
structure  of  the  part  can  usually  be  recognised.  Nume- 
rical atrophy  is  thus  of  much  graver  import  than  that  in 
which  the  elements  continue  to  exist  as  such.  In  it, 
restitution  is  only  possible  by  the  production  of  new 
elements,  whereas  in  simple  atrophy,  repair  can  be 
effected  without  new  formation. 

Atrophy  may  be  general — affecting  to  a  greater  or 
less  extent  all  the  organs  and  tissues  of  the  body,  or  it 
may  ha  partial  and  limited  to  particular  parts.  General 
atrophy  is  usually  simple,  and  is  rarely  accompanied  by 
destruction  of  elements.  It  affects  in  the  first  place  the 
subcutaneous  adipose  tissue,  then  the  adipose  tissue  in 
other  situations,  as  that  surrounding  the  viscera  and  in 
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the  omentum,  then  the  muscles  and  glandular  organs,  and 
lastly  the  nervous  and  osseous  structures. 

Although  atrophy  in  its  strict  signification  consists 
simply  in  a  diminution  in  the  size  or  in  the  number  of 
the  component  elements  of  a  tissue,  it  is  rarely  a  perfectly 
simple  process,  but  is  usually  associated  with  more  or  less 
fatty  degeneration.  This  is  owing  to  the  fact  that  when- 
ever the  nutrition  of  a  part  is  so  much  interfered  with  as 
to  cause  it  to  atrophy,  it  is  very  prone  to  undergo  fatty 
changes;  and  it  will  be  seen  when  speaking  of  "fatty 
degeneration,"  that  this  process  owes  its  origin  to  causes 
similar  to  those  which  produce  atrophy  itself. 
"  Causes. — In  speaking  of  the  causes  of  atrophy,  it  will 
be  necessary  to  distinguish  between  those  which  act  upon 
the  tissues  generally,  and  those  which  have  merely  a  local 
influence. 

General  Atrophy  may  be  caused  by  : — 

1.  Deficient  stqjply  of  Nutritive  Material. — Whatever 
interferes  with  the  supply  of  nutritive  material  to  the 
tissues  will  be  followed  by  their  atrophy.  Deficient 
supply  of  food ;  obstruction  to  the  passage  of  the  food 
into  the  stomach  or  intestines,  as  in  stricture  of  the 
oesophagus  or  pylorus ;  the  mal-assimilation  which  re- 
sults from  the  various  conditions  giving  rise  to  dys- 
pepsia ;  interference  with  the  absorption  of  the  chyle, 
from  obstruction  of  the  thoracic  duct,  or  disease  of 
the  mesenteric  glands  constituting  the  so-called  "  tabes 
mesenterica ;"  may  all  in  this  manner  be  causes  of 
general  atrophy. 

2.  Excessive  Waste. — All  those  conditions  which  are 
attended  by  the  loss  of  large  quantities  of  nutritive 
material,  may  be  causes  of  general  atrophy.  Such  con- 
ditions are  furnished  by  continuous  hasmorrhages,  profuse 
and  long-continued  suppuration  such  as  often  occurs  in 
caries  and  empyema,  diarrhoea,  and  the  excretion  of  large 
quantities  of  albumen  or  sugar  as  in  Bright's  disease  or 
diabetes.    The  waste  resulting  from  the  increased  tissue- 
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change  wHcli  accompanies  acute  febrile  diseases,  must 
also  be  included  under  this  head. 

3.  Impaired  Nutritive  Adivit^j. — This  constitutes  an 
important  element  in  the  production  of  the  atrophy  of 
old  age, — senile  atrophy.  As  Ufe  advances,  the  vitahty  of 
the  elements  gradually  diminishes,  their  ability  to  separate 
nutritive  material  from  the  blood  and  to  assimilate  it  for 
their  own  maintenance  becomes  less  and  less,  and  hence 
they  gradually  atrophy,  and  ultimately  all  manifestations 
of  their  vitality  cease. 

Although  general  atrophy  may  thus  be  referred  to  one 
of  the  foregoing  causes,  it  is  rarely  a  simple  process,  but 
usually  depends  upon  the  combined  influence  of  two  or 
more  of  them.  The  atrophy  associated  with  pulmonary 
phthisis,  for  example,  results  partly  from  the  loss  of 
nutritive  material  in  the  profuse  expectoration  and 
diarrhoea,  partly  from  the  deficient  supply  consequent 
upon  the  imperfect  oxidation  of  the  blood  and  upon  the 
interference  with  assimilation  which  is  so  often  caused 
by  structural  changes  in  the  stomach  and  intestines, 
and  partly  from  the  increased  tissue- change.  In  senile 
atrophy,  again,  in  addition  to  the  general  diminution  of 
nutritive  activity,  there  is  frequently  some  condition  of 
the  digestive  organs  interfering  with  assimilation  which 
materially  aids  in  producing  the  ultimate  result.  The 
atrophy  which  accompanies  the  acute  febrile  diseases  is 
by  no  means  a  simple  process,  increased  tissue-change, 
loss  of  appetite,  and  interference  with  assimilation  being 
all  component  parts  of  it. 

Partial  Atro'pliy  may  be  caused  by : — 

1.  Imperfect  supply  of  Blood. — The  effect  of  interfering 
with  the  supply  of  blood  to  a  part  will  depend  upon  the 
extent  of  the  interference.  If  it  be  entirely  cut  off  the 
part  will  die  (See  "  Gangrene"),  if  merely  diminished  it 
will  atrophy. 

Diminished  supply  of  arterial  blood  is  a  common  cause 
of  atrophy,  and  may  be  brought  about  in  various  ways. 
The  nutrient  vessels  may  be  obstructed  by  pressui-e  exer- 
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cised  upon  them  within  or  without  the  organ  to  which 
they  are  distributed.  In  cirrhosis  of  the  Hver,  the  pres- 
sure exercised  by  the  new  growth  of  inter-lobular  tissue 
causes  atrophy  of  the  secreting  structures.  In  other 
cases  the  supply  of  blood  is  diminished  by  interference 
with  the  circulation  at  some  distance  from  the  part,  as  by 
the  pressure  of  a  tumour  upon  the  artery  leading  to  it. 
The  atrophy  of  the  proximal  end  of  the  shaft  of  a  bone 
after  fracture  above  the  point  of  entrance  of  its  nutrient 
artery,  is  due  to  the  same  cause. 

The  atrophies  which  result  from  pressure  exercised 
directly  upon  the  part  itself,  are  also  owing  to  the  con- 
sequent interference  with  nutritive  supply.  Atrophy  of 
the  sternum  from  the  pressure  of  an  aneurism,  atrophy 
of  the  kidney  from  the  pressure  of  retained  secretion— as 
in  stricture  of  the  urethra,  enlarged  prostate,  &c.,  and 
atrophy  of  the  skull  in  chronic  hydrocephalus,  are  well- 
known  examples  of  these  atrophies  from  pressure. 

Mechanical  congestion  in  the  same  way  is  not  an  un- 
common cause  of  atrophy.  The  circulation  is  impeded, 
the  blood  is  not  returned  normally  by  the  veins,  hence 
there  is  deficient  arterial  supply,  and  atrophy  results. 

2.  Diminislied  Fimdional  Activity. — This  is  the  most 
common  cause  of  atrophy,  many  examples  of  which  are 
furnished  both  by  physiological  and  pathological  pro- 
cesses. After  birth  those  parts  which  are  no  longer  re- 
quired to  serve  any  purpose  in  the  economy  gradually 
atrophy  and  waste.  The  ductus  arteriosus,  the  umbilical 
arteries  and  vein,  the  Wolffian  bodies,  and  later — the 
thymus  glands,  all  in  this  manner  disappear.  The  invo- 
lution of  the  uterus  after  delivery,  the  wasting  of  the 
spleen  and  lymphatic  glands  in  advanced  life,  and  of  the 
lower  jaw  after  the  loss  of  the  teeth,  are  other  physio- 
logical examples  of  atrophy  from  this  cause. 

Muscles  which  from  any  cause  have  long  remained 
inactive  atrophy.  This  is  seen  in  the  various  forms  of 
paralysis,  especially  in  the  so-called  essential  paralysis  of 
children  ;  also  in  limbs  which  have  become  incapacitated, 


28 


NUTRITION  IMPAIEED. 


either  on  account  of  anchylosis,  or  of  chronic  diseases  of 
the  bones  or  joints. 

After  the  establishment  of  an  artificial  anus,  the  lower 
part  of  the  intestine  atrophies,  and  becomes  converted 
into  a  fibro-cellular  cord. 

Bones  in  the  same  manner  atrophy  from  want  of  use. 
After  the  amputation  of  a  limb,  the  cut  end  of  the  bone 
atrophies  ;  and  atrophy  of  the  orbit  follows  extirpation  of 
ths  eyeball. 

Interference  with  the  function  of  nerves  is  also  followed 
by  their  atrophy.  This  is  seen  in  the  atrophy  of  the 
optic  nerve,  which  often  follows  destruction  of  the  eye, 
and  also  in  the  atrophy  of  the  nerves  of  a  limb  which 
has  long  been  incapable  of  action. 

3.  Increased  Functional  Activity. — This  may  in  quite 
exceptional  cases  be  a  cause  of  atrophy ;  much  more  com- 
monly, however,  it  is  a  cause  of  hypertrophy.  Certain 
glands  sometimes  atrophy  from  excessive  use,  especially 
the  testicle. 

4.  The  Action  of  Special  Sulstances. — Certain  sub- 
stances administered  internally  appear  to  be  capable  of 
producing  atrophy.  Iodine,  bromine,  mercury,  lead,  and 
the  alkalies,  may  be  enumerated  amongst  the  most  im- 
portant of  these.  Iodine  and  mercury  exercise  a  special 
influence  upon  the  lymphatic  system,  and  bromine  upon 
the  organs  of  generation. 

6.  Nervous  Influence. — Eespecting  the  influence  of  the 
nervous  system  as  a  direct  cause  of  atrophy,  little  is  cer- 
tainly known.  That  atrophy  is  a  frequent  sequence  of 
changes  in  the  nerve-trunks  and  nervous  centres,  there 
can  be  no  doubt ;  but  it  is  probably  in  most  cases  to  be 
attiibuted  to  an  indirect  influence.  The  atrophy  of 
muscles,  for  example,  which  have  become  paralysed  from 
lesions  in  the  brain  or  spinal  cord,  is  usually  rather  the 
result  of  the  consequent  interference  with  their  function, 
than  of  any  direct  influence  upon  their  nutrition.  The 
very  rapid  atrophy  of  muscles,  however,  which  follows 
certain  alterations  in  the  nervous  centres  and  injuries  of 
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the  nerve-trunks,  renders  it  exceedingly  probable  that 
some  nerves  contain  fibres  which  exercise  a  direct  influence 
upon  nutrition,  and  that  nervoas  influence  may  also  be 
a  direct  cause  of  atrophy.  (See  "Introduction.")  In 
some  cases  also,  changes  in  the  nervous  system  may  cause 
atrophy  by  affecting  the  size  of  the  blood-vessels,  and  so 
interfering  with  the  supply  of  blood. 

6.  Inflammation. — This  is  sometimes  described  as  a 
common  cause  of  atrojjhy.  The  atrophy,  however,  which 
is  such  a  frequent  sequence  of  an  inflammatory  process, 
is  in  most  cases  due  to  that  new  growth  of  fibroid  tissue 
which  is  developed  in  chronic  inflammations.  The  new 
tissue,  by  the  pressure  which  it  exercises,  causes  atrophy 
of  the  proper  structures  of  the  organ.  This  is  seen,  for 
example,  in  cirrhosis  of  the  liver.  It  is  probable  also, 
that  the  impairment  of  vitality  which  results  from  an 
inflammatory  process  may  lead  to  atrophy  of  the  histo- 
logical elements,  independently  of  the  existence  of  new 
fibroid  growth. 

Physical  Cha.iiactehs. — The  estimation  of  atrophy  is 
often  a  matter  of  considerable  difficulty.  The  great  crite- 
rion is  dimuiution  in  absolute  weight.  The  weight  of  an 
organ,  however,  varies  considerably  in  health;  it  varies 
with  the  weight  of  the  body  as  a  whole,  and  it  may  be 
less  than  natural  from  incomplete  development.  The 
same  is  true  also  of  the  muscular  and  osseous  systems. 
An  accumulation  of  blood  and  serosity  in  an  organ  may 
again  increase  its  weight,  and  thus  constitute  a  source  of 
fallacy.  This  is  often  the  case  in  organs  which  have  been 
for  some  time  mechanically  congested,  in  which,  although 
their  size  and  weight  may  be  increased,  their  tissue  is 
considerably  diminished  in  amount. 

Organs  which  are  atrophied  are  usually  diminished  not 
only  in  weight,  but  also  in  size.  In  most  cases  they  con- 
tain less  blood,  they  are  drier,  firmer,  and  more  fibrous  in 
consistence  than  in  health.  Their  functional  powers  are 
invariably  diminished. 

The  whole  of  the  textures  of  which  an  organ  is  com- 
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posed  may  suffer  ;  some,  however,  do  so  more  than  others. 
The  fibrous  constituents  are  the  last  to  atrophy,  hence 
the  firmness,  toughness,  and  loss  of  elasticity  yo  commonly 
met  with  in  the  atrophied  parts.  In  glandular  organs, 
the  secreting  cells  are  usually  the  first  to  show  signs  of 
atrophy ;  they  become  smaller,  and  are  often  finely  gra- 
niilar,  from  the  presence  of  molecular  fat ;  the  vessels  and 
nerves  also  share  in  the  wasting  process.  In  the  sub- 
cutaneous cellular  tissue,  the  fat  is  gradually  removed 
from  the  cells,  which  thus  diminish  in  size.  In  muscles 
the  primitive  fascicuh  become  smaller,  and  their  trans- 
verse strias  gradually  disapjDear  ;  ultimately  the  whole  of 
the  contents  of  the  sarcolemma  may  be  entirely  removed, 
and  nothing  remain  but  the  connective  tissue.  This  pro- 
cess is  usually  accompanied  by  more  or  less  fatty  degene- 
ration of  the  muscular  fibres,  and  in  some  cases  by  the 
development  of  fat  between  the  fasciculi.  (See  "  Tatty 
Infiltration  of  Muscle.") 

ATUOPHY  OF  BONE. 

Atrophy  of  bone  is  always  attended  by  a  diminution  in 
weight,  but  not  always  by  a  diminution  in  size.  It  is 
met  with  in  two  forms.  In  one,  the  compact  and  can- 
cellous tissue  gradually  become  absorbed,  the  medullary 
canal  diminishes  in  size,  and  the  whole  bone  thus  be- 
comes smaller.  This  is  known  as  concentric  atrophy.  It 
is  met  with  especially  in  the  long  bones,  in  cases  of  long- 
standing anchylosis,  dislocations,  or  paralysis. 

In  the  other  variety  of  atrophy  there  is  no  diminution 
in  the  size  of  the  bone,  but  merely  a  gradual  conversion 
of  compact  into  cancellous  tisane.  The  whole  bone  thus 
becomes  rarefied,  and  it  is  exceedingly  light  and  brittle, 
so  that  it  fractures  with  great  facility.  This,  in  contra- 
distinction to  the  former  variety,  is  known  as  eccentric 
atrophy.  It  is  usually  met  with  as  a  senile  change,  and 
is  in  most  cases  accompanied  by  more  or  less  fatty 
degeneration. 
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PUIiMONAIlY  VESICULAR,  EMPHYSEMA. 

This  appears  to  be  the  proper  place  to  describe  the 
changes  met  with  in  the  lungs  in  emphysema,  inasmuch 
as  these  changes  are  characterised  mainly  by  atrophy  of 
the  walls  of  the  air-vesicles. 

Emphysema  consists  essentially  in  a  permanent  en- 
largement of  the  infundibtila  and  air-vesicles  in  larger  or 
smaller  areas  of  the  lungs.  The  dilatation  appears 
usually  to  commence  in  the  infundibulum,  and  to  ex- 
tend from  this  to  the  air-vesicles  which  open  into  it,  so 
that  ultimately  the  whole  may  be  thrown  into  one  large 
cavity.  As  the  process  proceeds,  communications  are 
established  between  adjacent  groups  of  air-vesicles,  and 
thus  cavities  of  still  larger  area  are  produced. 

Atrophous  Emphysema. — The  more  minute  histological 
changes  which  accompany  emphysema  vary  somewhat  in 
different  varieties  of  the  disease.  In  that  form  of  emphy- 
sema which  occurs  in  old  people,  and  which  is  essentially 
a  senile  change,  the  alterations  in  the  walls  of  the  air- 
vesicles  consist  simply  of  atrophy  of  the  several  struc- 
tures of  which  they  are  composed : — hence  the  term 
atrojpliotos  or  small-lunged  emphysema,  which  is  applied 
by  Sir  W.  Jenner  to  this  variety  of  the  disease.  The  air- 
vesicles  may  not  be  much  increased  in  size,  but  several  of 
them  are  thrown  into  one,  .their  walls  are  considerably 
thinner  than  natural,  the  connective  tissue,  elastic  tissue, 
and  blood-vessels  all  having  apparently  shared  in  the 
wasting  process.  There  is  usually  also  an  abnormal 
amount  of  pigmentation.  Such  lungs  are  smaller  than 
natural,  and  quickly  collapse  when  the  thorax  is  opened. 

Hypertrophous  Emplvysema. — In  the  other  important 
variety  of  emphysema  the  lungs  are  increased  in  size,  so 
that  they  often  bulge  forwards  when  the  thorax  is  opened, 
and  in  contradistinction  to  the  former  variety,  certain 
constituents  of  the  lung-tissue  appear  to  be  increased  in 
amount,  inasmuch  as  the  lungs  are  less  crepitant,  and 
feel  somewhat  denser  and  tougher  than  natural.  This 
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is  described  by  Sir  W.  Jenner  as  hypertrophous  or  large- 
lunged  emphysema. 

When  such  lungs  are  examined  microscopically,  it  will 
be  found  that  the  dilatation  of  the  air-vesicles  is  more 
marked  than  in  atrophous  emphysema,  although  less 
general  in  its  distribution.  The  atrophic  changes  also  do 
not  affect  equally  the  various  tissues  which  make  up  the 
alveolar  walls.  The  elastic  fibres  apjjear  to  be  more 
especially  wasted,  whilst,  according  to  some  observers, 
the  connective  tissue  is  increased.  I  have  been  unable  to 
discover  any  marked  increase  of  the  connective  tissue  in 
the  alveolar  walls,  although  an  increase  of  this  tissue  is 
often  to  be  seen  around  the  smaller  interlobular  blood- 
vessels and  bronchi.  The  capillary  blood-vessels  which 
are  distributed  on  the  walls  of  the  air-vesicles  are  atro- 
phied and  diminished  in  calibre,  owing  to  the  stretching 
and  pressure  which  result  from  the  vesicular  dilatation, 
whilst  the  larger  interlobular  vessels  are  often  found 
thickened  and  distended  with  blood.  In  some  cases 
there  is  more  or  less  fatty  degeneration  of  the  epi- 
thelium, and  usually  an  abnormal  pigmentation  of  the 
lung. 

Etiology. — It  would  be  beyond  the  scope  of  the  present 
work  to  discuss  the  various  theories  which  have  been  pro- 
pounded to  account  for  the  development  of  emphysema. 
It  is,  however,  obvious  that  all  conditions  which  increase 
the  pressure  on  the  inside  of  the  air-vesicles,  or  damage 
the  resisting  powers  of  their  walls,  may  be  causes  of  per- 
manent vesicular  dilatation. 

Increased  pressure  on  the  inside  of  the  air- vesicles  may 
result  from — 

1st.  "Violent  expiratory  efforts  with  closed  glottis, 
such  as  occur  during  the  act  of  coughing,  blowing  wind 
instruments,  violent  muscular  exertion,  &c.  Those  parts 
of  the  lungs  which  are  least  supported  will  be  over- 
distended.    This  is  the  expiratory  theory  of  Jenner. 

2nd.  Certain  portions  of  the  lungs  being  incapable  of 
expansion,  owing  to  collapse,  consolidation,  asthmatic 
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spasm,  &G.  There  will  be  excessive  tension  in  tliose  parts 
into  which  the  air  can  enter. 

Impairment  of  the  resisting  power  of  the  air-vesicles 
may  result  from — 

1st.  The  loss  of  elasticity  and  atrophy  which  is  a  com- 
comitant  of  old  age.  This  is  the  most  important  element 
in  the  causation  of  atrophous  emphysema. 

2nd.  The  atrophy  of  the  air- vesicles  resulting  from  that 
stretching  of  their  walls  and  obliteration  of  their  blood- 
vessels which  is  caused  by  their  over-distension  from 
increased  pressure  exercised  upon  their  inner  surface. 

3rd.  Damage  to  the  walls  of  the  air-vesicles,  which 
probably  in  certain  cases  results  from  previous  attacks  of 
pulmonary  inflammation,  or  from  some  interference  with 
their  nutrition  due  to  mode  of  life  or  to  other  causes. 


Degeneration. 

The  "Degenerations"  include  a  class  of  morbid  pro- 
cesses which  are  characterised  by  an  alteration  in  the 
quality  of  the  tissues,  and  which,  like  atrophy,  are  at- 
tended by  impairment  of  function,  and  often  by  annihila- 
tion of  histological  elements. 

The  alteration  in  the  quality  of  the  tissue  results  either 
from  its  direct  metamorphosis  into  a  new  material,  or 
from  its  infiltration  with  some  substance  which  has  been 
conveyed  to  it  from  without. 

Atrophy  and  degeneration  thus  so  far  resemble  one 
another,  that  in  both  processes  nutrition  is  impaired  and 
function  interfered  with.  In  atrophy,  however,  as  pointed 
out  by  Virchow,  nutrition  is  simply  altered  in  quantity, 
the  waste  of  the  tissue  is  in  excess  of  the  assimilation  of 
new  material,  and  consequently,  there  is  a  diminution  in 
the  amount  of  the  tissue  and  an  impairment  of  its  func- 
tional powers.  In  degeneration,  on  the  other  hand, 
nutrition  is  altered  in  quality,  a  new  substance  exists  in 
the  tissues,  which  either  originates  in  the  tissue  itself,  or 
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infiltrates  it  from  without ;  this  is  attended  by  impair- 
ment of  the  vitality  and  functions  of  the  elements  of 
which  the  tissue  is  composed,  resulting  either  from  the 
presence  of  the  new  material,  or  dependent  upon  the 
same  conditions  as  those  which  give  rise  to  its  formation. 

Causes. — Of  the  causes  of  the  Degenerations  as  a  class, 
but  little  can  be  said,  the  various  forms  depending  for  the 
most  part  upon  different  conditions.  These  will  be  de- 
scribed under  their  respective  heads. 

The  Degenerations  may  be  divided  into  two  classes — 
the  Metamorphoses  and  the  Infiltrations. 

1.  The  Metamorphoses. — These  are  characterised  by 
the  direct  metamorphosis  of  the  albuminoid  constituents 
of  the  tissues  into  a  new  material.  This  is  usually  fol- 
lowed by  the  destruction  of  the  histological  elements  and 
the  softening  of  the  intercellular  substance,  so  that  ulti- 
mately all  trace  of  structure  may  be  lost,  and  function 
be  completely  arrested.  The  Metamorphoses  include 
Fatty,  Mucoid,  and  Colloid  Degeneration. 

2.  The  Infiltrations. — These-  differ  from  the  Meta- 
morphoses inasmuch  as  the  new  material  which  exists  in 
the  tissues  is  not  derived  from  their  albuminoid  con- 
stituents, but  is  deposited  in  them  from  the  blood: 
there  is  an  infiltration  and  deposition  of  a  new  sub- 
stance. This  is  rarely  followed  by  destruction  of  the 
histological  elements,  or  by  softening  of  the  intercellular 
substance ;  hence  the  structure  of  the  tissue  is  much 
less  altered  than  in  the  Metamorphoses,  and  function  is 
usually  much  less  interfered  with.  The  infiltrations 
include  Fatty,  Amyloid,  Calcareous,  and  Pigmentary 
Infiltration. 


CHAPTER  IV. 


FATTY  DEGENEEATION. 

By  Fatty  Degeneration  is  Tisually  understood  the  replace- 
ment of  the  normal  constituents  of  the  tissues  by  mole- 
cules, or  drops  of  fat.  An  accumulation  of  fat  in  the 
tissues  occurs,  however,  under  very  different  circum- 
stances, and  under  the  general  term  of  "  fatty  degenera- 
tion" are  included  different  pathological  processes.  Before 
proceeding  to  describe  these  processes  and  the  histological 
changes  which  they  produce,  it  will  be  well  to  consider, 
in  the  first  place,  the  sources  from  which  the  fat  met  with 
in  the  body  is  derived ;  and  secondly,  the  circumstances 
under  which  it  may  accumulate  so  as  to  constitute  a 
morbid  process. 

General  Pathology  of  Fatty  Degeneration. — The  chief 
source  of  the  fat  met  with  in  the  body  is  the  oleaginous 
constituents  of  the  food.  A  portion  of  these  are  stored 
up  in  the  cells  of  certain  tissues,  to  be  utilised  as  pro- 
ducers of  force  and  heat  when  the  requirements  of  the 
system  may  demand  it.  The  cells  of  adipose  tissue,  and, 
to  a  less  extent,  those  of  the  liver,  thus  serve  as  physio- 
logical reservoirs  for  fat. 

The  other  sources  from  which  fat  may  be  derived  is 
from  saccharine  and  albuminous  principles.  The  albu- 
minous principles  in  the  process  of  nutrition  undergo  de- 
composition, and  the  products  of  their  decomposition 
contain  a  certain  amount  of  fat.  This  is  usually  com- 
pletely removed  by  oxidation,  but  under  certain  circum- 
stances the  oxidation  is  incomplete,  and  the  fat  accumu- 
lates in  the  cells  of  the  tissue. 
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In  considering  the  circumstances  under  which,  an  accu- 
mulation of  fat  in  the  tissues  may  constitute  a  morbid 
process,  it  is  to  be  remarked  that  it  often  becomes  exceed- 
ingly diflScult  here  to  draw  any  sharp  line  of  demarcation 
between  health  and  disease.  This  is  especially  the  case 
when  the  accumulation  of  fat  is  excessive  in  situations 
where  fat  is  normally  met  with.  When  it  occurs  in  ab- 
normal situations,  the  morbid  nature  of  the  process  is 
evident. 

An  accumulation  of  fat  in  the  tissues  may  occur  so  as 
to  constitute  a  morbid  process  under  the  four  following 
conditions  : — 

1st.  When  the  food  contains  an  excess  of  fat,  or  of 
substances  capable  of  becoming  converted  into  fat. 
Under  such  circumstances  the  oxygen  taken  into  the  body 
is  insufficient  to  oxidise  the  excess,  and  it  consequently 
accumulates  in  the  cells. 

An  accumulation  of  fat  from  this  cause  occurs  as  a 
physiological  process  in  the  growth  of  adipose  tissue. 
Adipose  tissue  is  a  connective  tissue  containing  numerous 
cells  which  are  distended  with  fat.  The  growth  of 
this  tissue  thus  consists  simply  in  the  fatty  infiltration 
of  more  of  these  cells.  (Fig.  5.)  If  this  be  excessive 
it  constitutes  obesity.  The  temporai-y  accumulation  of 
fat  in  the  liver  during  the  digestion  of  an  aliment  rich 
in  fatty  substances  is  another  example  of  this  kind  of 
deposition.  This  will  be  described  when  speaking  of  the 
"  fatty  liver."  If  the  amount  of  fat  be  very  great  it  may 
accumulate,  not  only  in  normal  situations,  but  also  in 
tissues  where  fat  is  not  usually  met  with,  and  in  both 
cases  the  accumulation  will  thus  constitute  a  morbid 
pi'ocess. 

2nd.  When  there  is  no  such  excess  of  fatty  substances 
in  the  food,  but  the  processes  of  oxidation  are  so  imper- 
fectly performed,  either  locally  or  generally,  that  the  fat 
contained  in  a  natural  diet  is  incompletely  oxidised. 

3rd.  When  the  fat  which  is  liberated  from  the  nitro- 
genous constituents  of  the  food  during  the  process  of 
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nutrition  does  not  undergo  the  complete  oxidation  which 
it  should,  and  so  remains  within  the  cells. 

Fig.  5. 


Fatty  Infiltration  of  Connective  Tissue.  Showing 
the  accumulation  of  fat  within  the  cells,  x  300 
(Eindfleisch.) 


4th.  When  the  fat  which  is  liberated  from  the  proto- 
plasm of  cells  during  the  process  of  nutrition  is  incom- 
pletely oxidised,  and  so  accumulates  in,  and  takes  the 
place  of,  the  protoplasm.  Here  there  is  a  gradual  trans- 
formation of  the  protoplasm  into  fat,  so  that  the  cell  is 
ultimately  completely  destroyed. 

Fatty  degeneration  in  which  there  is  this  destruction  of 
histological  elements  is  one  of  the  most  common  forms  of 
the  disease,  and  it  will  hereafter  be  more  fully  described 
as  fatty  metamorphosis.  Its  nature  was  first  pointed  out 
by  Dr.  Quain  in  his  well-known  researches  on  fatty  dege- 
neration of  the  heart.*  Dr.  Quain  there  stated  that  the 
fat  met  with  in  the  muscular  fibres  in  this  condition  was 
the  result  of  a  metamorphosis  of  the  fibres  themselves, 
and  was  not  derived  from  without.    The  truth  of  Dr. 


♦  "  Medico-Chinirgical  Trans,  Lend.,"  Vol.  xxxiii. 
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Quain's  teaching  lias  since  been  confirmed  by  the  ex- 
I^erimental  investigations  of  Drs.  Yoit  and  Bauer. 

Voit  and  Bauer's  investigations  were  made  with  the 
object  of  determining  the  source  of  tlie  fat  in  that  acute 
form  of  fatty  degeneration  which  is  produced  by  poisoning 
with  phosphorus,  in  which  the  degeneration  is  due  to  the 
destruction  of  the  red  blood  cells,  and  the  consequent 
diminution  in  the  oxidising  power  of  the  blood.*  They 
gave  phosj)horus  to  dogs  which  had  for  some  days  pre- 
viously been  starved,  so  that  any  fat  which  might  be 
present  in  the  tissues  after  death  could  not  have  been  de- 
rived either  from  the  food  or  from  the  adipose  tissue  of 
the  animals.  The  phosphorus  produced  very  extensive 
and  general  fatty  degeneration,  and  the  fat  must  obvi- 
ously have  arisen  from  the  protoplasm  of  the  cells.  Yoit 
concludes  from  these  investigations — 1st.  That  the  trans- 
formation of  albumen  which  takes  place  in  cells  is  inde- 
pendent of  the  supply  of  oxygen,  but  that  if  the  oxygen 
be  deficient,  the  fat  and  other  products  of  the  transfor- 
mation, being  incompletely  oxidised,  accumulate  in  the 
cell.  2nd,  That  the  presence  of  fat  in  the  cells  may  thus 
be  due  to  increased  transformation  of  the  albumen,  or  to 
diminished  oxidation  of  the  products  of  its  decomposition. 
3rd.  That  the  fatty  degeneration  in  poisoning  by  phos- 
phorus is  due  both  to  an  increased  transformation  of  the 
albumen  of  the  cells,  and  to  diminished  oxidation  of  the 
fat  and  other  products  of  the  transformation. 

It  will  thus  be  seen  that  of  the  four  conditions  enume- 
rated as  causes  of  fatty  degeneration,  in  all,  with  the 
exception  of  the  first,  the  accumulation  of  the  fat  is 
principally  due  to  incomplete  oxidation,  whilst  in  the 
first  there  is  no  imperfection  in  the  oxidising  processes, 
but  the  oxidisable  materials  are  in  excess.  These  two 
conditions  are  frequently  associated. 

An  incompleteness  of  oxidation,  and  a  consequent  ten- 


*  Voit  and  Baner,  "  Zeitschrift  f.  Biologic,"  vii.  pp.  63-85;  and 
Voit,  "  Neues  Kepertorium  fur  Pharmacie,"  xx.  pp.  3iU-349. 
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dency  to  the  production  of  fat,  occurs  under  various  cir- 
cumstances.   The  red  blood  cells  being  the  carriers  of 
oxycxen,  aU  those  conditions  in  which  the  supply  of  blood 
is  interfered  with,  the  red  blood  cells  diminished  ii^^ber 
or  defective  in  quaHty,  or  the  oxygenation  of  the  blood 
imperfectly  performed,  may  lead  to  fatty  degeneration. 
The  interference  with  the  supply  of  blood  to  the  brain, 
for  example,  by  thrombosis  or  embohsm,  causes  fatty 
degeneration  of  the  brain-tissue.    (See  "  Cerebral  Soften- 
ing.")   The  destruction  of  the  red  blood  ceUs  by  phos- 
phorus and  other  poisons,  and  that  general  condition  of 
anemia  which  sometimes  exists  in  young  people  and  is 
also  produced  by  many  chronic  and  acute  diseases,  are 
also  followed  by  a  similar  result.    The  senile  forms  of 
fatty  degeneration  which  are  seen  in  the  cornea  and  car- 
tilage, and  are  due  to  that  diminution  in  the  activity  of 
the  circulation  which  exists  in  old  age;  and  the  fatty 
degeneration  of  organs  and  tissues  which  have  been  long 
disused,  and  in  which  consequently  the  quantity  of  blood 
circnlating  through  them  and  the  oxidation  processes 
become  diminished  (see  "  Fatty  Infiltration  of  Muscle"), 
are  other  examples  of  degeneration  from  this  cause.  The 
cancers  and  other  rapidly  growing  tumours  in  which  the 
rapidity  of  growth  is  out  of  proportion  to  the  vascular 
supply,  also  undergo  extensive  fatty  changes.  Lastly, 
the  imperfect  oxygenation  of  the  blood  which  results  from 
certain  chronic  diseases  of  the  lungs  constitutes  one 
element  in  the  causation  of  the  fatty  degeneration  which 
so  frequently  exists  in  these  diseases. 

In  proceeding  to  consider  the  histological  changes  which 
are  produced  in  the  tissues  by  an  accumulation  of  fat,  it 
must  be  stated,  in  the  first  place,  that  these  vary  very 
considerably  according  to  the  cause  of  the  degeneration. 
In  those  cases  in  which  the  fat  is  derived  from  the  meta- 
morphosis  of  the  nitrogenous  constituents  of  the  tissues, 
the  tissues  are  destroyed  in  the  process  ;  whilst  in  other 
cases  no  such  destruction  usually  takes  place.  Although 
these  two  conditions  may  occasionally  be  associated,  yet 
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owing  to  the  marked  difference  in  the  results  which  they 
respectively  produce,  it  will  be  well  to  speak  of  them 
separately;  that  in  which  the  fat  is  derived  from  the 
metamorphosis  of  the  tissues  being  termed  Fatty  Meta- 
morphosis, that  in  which  it  is  derived  from  the  oleaginous, 
saccharine,  or  nitrogenous  principles  of  the  food.— Fatty 
Infiltration. 

¥ATTY  INFILTRATION. 

In  Fatty  Infiltration,  the  fat  which  is  deposited  within 
the  cells  usually  occurs  as  distinct  drops  of  oil.    In  the 
earliest  stages  of  the  process  these  are  very  small,  but 
as  the  deposition  proceeds  they  gradually  accumulate 
and  run  together,  displacing  and  obscuring  the  nucleus 
and  protoplasm,  until  the  cell  is  completely  filled  and 
distended  with  oil.    (Pig.  6.)  The 
vitality  and  functions  of  the  cells 
are  but  little  impaired  by  the  accu- 
mulation,  and  the  protoplasm — 
although  rendered  almost  invisible 
when  this  is  excessive — remains  un- 
altered.   The  cells  within  which 
the  fat  accumulates  not  being  de- 
stroyed, the  removal  of  the  fat  is 
all  that  is  necessary  to  restore  them 
to   their  original   condition.  As 
already  stated,  fatty  infiltration 
occurs  as  a  physiological  process  in 
the  growth  of  adipose  tissue,  and 
also  in  the  liver  during  the  digestion  of  an  aliment  rich 
in  fatty  substances. 


Liver  Cells  in  various 
stages  of  Fatty  Infiltra- 
tion. X  300  (Eindileisch). 


PATTY  INFILTRATION  OF  MUSCLE. 

In  muscle,  fatty  infiltration  is  frequently  met  with  as  a 
morbid  process.  The  cells  in  the  connective  tissue  which 
surrounds  the  fascicuH  of  the  muscle  become  filled  with 
fat ;  and  this  development  of  fat  between  the  primitive 
muscular  fasciculi  has  often  been  confounded  with  deo-e- 
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Deration  of  the  fibres  themselves.  In  this  latter  process, 
however,  which  will  subsequeQtly  be  described  as  fatty 
metamorpliosis  of  muscle,  there  is  a  direct  metamorphosis 
of  the  muscular  fibres  into  fat ;  whereas  in  the  condition 
now  under  consideration,  there  is  a  deposition  of  fat 
hetvjeen  the  fasciculi,  which  remain — during  the  early 
stages  at  all  events — unaffected.  The  interstitial  fat 
varies  in  amount.  In  some  cases  single  rows  of  fat  cells 
alternate  with  rows  of  muscular  fasciculi,  at  other  times 
the  accumulation  is  less  regular,  more  existing  between 
some  fibres  than  between  others ;  in  all  cases,  however, 
the  muscular  elements  may  be  discovered  lying  amongst 
the  fat.  (Fig.  7.)  If  the  latter  be  very  considerable 
in  amount,  the  muscle  may  appear  to  the  naked  eye  to 
be  entirely  converted  into  fat ;  but  the  microscope  will 
always  reveal  the  muscular  structure  in  which  it  is 
embedded. 

This  condition  is  frequently  met  with  in  animals  which 
have  been  fattened,  the  fat  increasing  not  only  in  the 
usual  situations,  but  also  accumulating  between  the 
fasciculi  of  the  muscles.  In  muscles  also  which  from 
any  cause  have  for  some  time  been  incapacitated,  and  in 
which  consequently  the  circulation  of  blood  and  the 
oxidation  processes  are  reduced  to  a  minimum,  this  inter- 
stitial growth  is  extremely  liable  to  occur ;  ex.  gr.  in  the 
extensors  of  the  wrist-joint  in  cases  of  lead-poisoning, 
and  in  long-standing  paralyses  from  lesions  of  the  brain 
or  cord,  also  in  muscles  which  have  been  rendered 
useless  by  anchylosis  of  a  joint.  In  progressive  muscular 
atrophy,  as  Virchow  has  shown,  the  aS'ected  muscles 
exhibit  this  change,  together  with  true  fatty  meta- 
morphosis. 

Fatty  Infiltration  of  the  Heart. — In  the  heart  fatty 
infiltration  is  not  unfrequently  met  with ;  and  here  it  is 
especially  important  to  distinguish  it  from  the  much  more 
grave  condition  in  which  the  fibres  themselves  are  pri- 
marily affected.  In  health,  there  is  a  varying  amount  of 
fat  covering  the  surface  of  the  heart  beneath  the  visceral 
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layer  of  the  pericardium,  -which  is  always  most  abundant 
in  the  grooves  between  the  auricles  and  ventricles,  where 

Fig.  7. 


Fatty  Infiltration  of  Heart.  A  section  from  the  more  external 
portion  of  the  left  ventricle  of  the  heart,  showing  the  growth  of  fat 
between  the  muscular  fibres.  The  fibres  are  in  some  places  atro- 
phied and  commencing  to  undergo  fatty  metamorphosis,    x  200. 


it  surrounds  the  blood-vessels.  This  may  increase  so  as 
to  completely  envelop  the  organ,  and  at  the  same  time 
gradually  insinuate  itself  between  the  mu.scular  fibres, 
so  that  to  the  naked  eye  all  api^earance  of  muscular 
structure  may  be  lost,  the  walls  looking  like  a  mass  of 
fat.  In  hearts  less  affected,  striae  of  fat  will  be  seen  lying 
amongst  the  muscle.  (See  Fig.  7.)  The  fat  is  always 
most  abundant  near  the  surface,  the  muscular  structure 
becoming  more  evident  towards  the  endocardium. 
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The  immediate  effect  of  the  interstitial  growth  is  to 
displace  and  compress  the  muscular  fibres  between  which 
it  insinuates  itself,  and  in  doing  so  it  diminishes  the  con- 
tractile power  of  the  muscle.  This  is  especially  important 
when  occurring  in  the  heart.  The  pressure,  however, 
which  it  exercises  upon  the  fibres  and  the  accompanying 
blood-vessels,  ultimately  causes  atrophic  and  degenerative 
changes.  Thus  the  fasciculi  gradually  atrophy,  the  trans- 
verse striation  becomes  indistinct  and  is  replaced  by  mo- 
lecular fat ;  in  fine,  true  metamorphosis  of  the  muscle  is 
estabUshed.  These  two  processes,  indeed,  not  uncommonly 
go  hand  in  hand  together,  the  interstitial  infiltration  pre- 
ceding the  intrastitial  metamorphosis. 

FATTY  INFILTEATION  01  THE  LIVER. 

It  is  in  the  liver  that  fatty  infiltration  assumes  its 
most  important  aspect,  and  in  this  organ  it  is  exceedingly 
frequent,  constituting  what  is  commonly  known  as  the 
"  fatty  liver."  The  hepatic  cells  always  contain  a  small 
quantity  of  fat,  which  is  temporarily  increased  after  the 
ingestion  of  fatty  substances.  lb  will  be  well  to  describe 
this  physiological  infiltration  before  proceeding  to  the 
morbid  process. 

The  ingestion  of  an  ahment  rich  in  fatty  substances  is 
followed  by  a  temporary  excess  of  fat  in  the  portal  blood, 
and  by  the  deposition  and  temporary  accumulation  of  a 
portion  of  this  within  the  hepatic  cells.  This  fat  is  first 
deposited  in  the  cells  which  are  in  immediate  contact  with 
the  capillaries  of  the  portal  vein,  and  thus  is  produced 
an  excess  of  fat  in  the  cells  at  the  circumference  of  the 
hepatic  lobules.  This  gradually  passes  from  the  cells  at 
the  circumference  to  those  in  the  interior,  whence  it  is 
ultimately  conveyed  again  into  the  circiilation.  This 
process  goes  on  until  the  excess  of  fat  is  removed  from 
the  blood,  when  the  hepatic  cells  again  acquire  their 
former  character.  There  is  thus  a  transitory  accumula- 
tion of  fat  within  the  hepatic  cells  which  is  gradually 
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removed,  the  vitality  of  the  cells  not  being  thereby 
impaired. 

The  morbidly  fatty  liver  is  one  which  contains  an  ab- 
normal quantity  of  fat,  and  here  also,  as  the  fat  is  usually 
deposited  from  the  blood  in  the  portal  capillaries,  the 
increase  is  first  observable  in  the  external  zone  of  the 
hepatic  lobules.  (Fig.  8).  It  accumulates  here  within 
the  cells  as  minute  globules,  which  as  they  increase 
coalesce  and  form  large  drops  of  fat.  These  ultimately 
completely  fill  and  distend  the  cells,  which  at  the  same 
time  become  larger  and  more  globular  in  shape.  (See 
Fig.  6.)  As  the  process  proceeds,  the  accumulation 
advances  from  the  periphery  towards  the  centre  of  the 
lobule,  until  its  whole  mass  may  be  involved,  and  the 
cells  universally  become  distended  with  fat.  The  vitality 
of  the  cells  is  not  materially  impaired  by  the  infiltration  ; 
they  continue  to  perform  their  functions,  as  is  shown  by 
the  presence  of  bile  in  the  stools  and  in  the  gall-bladder. 
In  many  excejational  cases  the  accumulation  of  fat  is  most 
marked  around  the  hepatic  vein.  This,  according  to 
Virchow,  is  probably  to  be  explained  by  supposing  that 
the  fat  is  becoming  excreted^  and  that  only  the  last  cells 
retain  a  little  of  it. 

The  fatty  liver  is  somewhat  increased  in  size,  ia  ad- 
vanced stages  often  considerably  so.  The  surface  is 
smooth,  the  edges  are  thickened  and  rounded,  the  specific 
gravity  is  diminished,  although  the  absolute  weight  may 
be  increased.  If  the  infiltration  be  slight,  involving  merely 
the  portal  zone  of  the  lobules,  the  cut  surface  will  present 
a  mottled  ajjpearance,  the  external  fatty  zone  being  of  an 
opaque  yellowish-white  colour,  whilst  the  central  portion 
remains  unaltered,  or  is  perhaps  somewhat  hyper^emic. 
The  more  extensive  the  infiltration  the  larger  is  the  pale 
zone,  and  ultimately,  when  the  whole  lobule  is  involved, 
there  may  be  left  in  the  centre  merely  a  reddish-brown 
point,  which  corresponds  with  the  commencement  of  the 
hepatic  vein  ;  and  in  many  cases  even  this  point  is  lost. 
The  organ  is  then  of  an  almost  uniform  opaque  yellowish- 
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white  colour,  and  the  boundary  between  the  individual 
lobules  may  be  completely  obscured.  In  very  exceptional 

Fig.  8. 


Fatty  Liver.  Showing  the  accumulation  of  fat  in  those  cells 
more  especially  which  are  situated  in  the  external  zone  of  the 
lobule.  There  is  also  an  increase  in  the  interlobular  connective 
tissue  (Cirrhosis).  V.  Hepatic  vein.  1.  Interlobular  connective 
tissue.    X  50. 

cases  the  accumulation  of  fat  is  much  more  abundant  in 
some  portions  of  the  liver  than  in  others,  so  that  on 
section,  yellowish  points  and  streaks  are  seen  scattered 
over  its  surface.  The  consistence  of  the  organ  is  much 
diminished,  it  feels  doughy,  and  pits  on  pressure  with 
the  finger,  and  the  knife  used  to  cut  it  becomes  coated 
with  oil.  The  pressure  exercised  by  the  infiltrated  fat 
produces  considerable  anaemia  of  the  organ,  but  the 
interference  with  the  circulation  is  never  sufficient  to 
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cause  ascites,  haBinorrhage,  or  other  evidences  of  portal 
congestion. 

The  liver  is  especially  liable  to  become  the  seat  of  fatty 
accTimnlation.  This,  according  to  the  late  Dr.  Bence 
Jones,  is  owing — firstly,  to  the  excess  of  non-nitrogenous 
oxidisable  matter  which  is  always  present  in  it ;  secondly, 
to  the  deoxidised  condition  of  the  portal  blood ;  and 
thirdly,  to  the  low  pressure  and  slowness  of  circulation  in 
the  portal  vessels — conditions  the  least  favourable  to 
oxidation.* 

An  accumulation  of  fat  in  the  liver  occurs  under  two 
opposite  conditions — one  in  which  there  is  general  obesity, 
and  the  fat  accumulates  in  the  Hver  in  common  with  other 
parts  ;  and  another,  in  which  there  is  general  emacia- 
tion, and  a  consequent  impairment  of  the  oxygenating 
power  of  the  blood.  The  fatty  infiltration  of  the  liver 
which  is  so  constantly  associated  with  certain  chronic 
diseases  of  the  lungs,  is  probably  also  partly  due  to  im- 
perfect oxygenation  of  the  blood  fi-om  destruction  of  lung- 
tissue.  Fatty  liver  caused  by  phosphorus  and  other 
poisons  has  been  already  alluded  to. 

The  other  variety  of  fatty  degeneration — fatty  meta- 
morphosis, will  be  described  in  the  following  chapter. 


*  "  Lectures  on  Pathology  and  Therapeutics."  Dr.  Bence  Jones, 
p.  179. 
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FATTY  DEGENEEATION  (continued). 
FATTY  METAMORPHOSIS. 

This  differs  from  fatty  infiltration,  inasmuch  as  the  fat  is 
derived  from  the  albuminous  constituents  of  the  tissues 
themselves,  and  not  from  the  fatty,  saccharine,  or  nitro- 
genous principles  of  the  food. 

The  process  consists  in  the  transformation  of  the  albu- 
minous constituents  of  the  tissues  into  fat,  in  the  manner 
described  in  the  preceding  chapter,  the  cells  being  the 
parts  which  are  most  frequently  affected.  This  fat 
makes  its  appearance  as  minute  granules  and  molecules 
within  the  cells,  usually  first  in  the  protoplasm,  and  sub- 
sequently in  the  nucleus.  The  granules — which  are  cha- 
racterised by  their  dark  colour,  sharp  contour,  strong 
refractive  power,  and  solubility  in  ether — gradually  in- 
crease in  number,  until  the  whole  of  the  protoplasm  has 
undergone  the  transformation.  As  they  increase  some  of 
them  may  coalesce,  and  so  form  distinct  drops  of  fat.  As 
the  process  proceeds  the  cells  undergo  an  increase  in  size 
and  become  more  globrdar  in  shape.  Ultimately  the 
nucleus  becomes  involved,  the  cell-wall,  when  this  exists, 
is  destroyed,  and  the  cell  is  thus  transformed  into  a  mass 
of  granular  fat  (Fig.  9). 

These  granules  of  fat  may  remain  in  a  coherent  form 
for  some  time ;  they  then  constitute  what  were  formerly 
known  as  the  "  inflammatory"  or  "  exudation  corpuscles," 
or  "  corpuscles  of  Gluge,"  which  are  so  common  iu  chronic 
cerebral  softening,  and  in  other  forms  of  fatty  degene- 
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ration  (Fig.  9,  b).  Ultimately  the  corpuscles  break  up, 
the  albuminous  matter  between  the  granules  of  fat 
liquefies,  and  the  fat  becomes  distributed  in  the  tissue 


Fatty  Metaniorpliosu  of  Cells,  a.  From  a 
cancer.  6.  From  the  brain  in  clironic  soften- 
ing. The  latter  show  the  hirge  "granular 
corpuscles,"  and  also  the  manner  in  which 
these  become  disintegrated,    x  200. 

Types  of  this  pathological  process  are  funiished  by 
many  well-inown  physiological  ones,  one  of  the  most 
characteristic  of  which  is  perhaps  the  secretion  of  milk. 
The  mammary  gland  is  a  large  racemose  gland,  consisting 
of  numerous  groups  of  lobules  lined  with  epithelial  cells. 
The  secretion  of  milk  takes  place  in  the  following  manner  : 
—The  cells  lining  the  lobules  of  the  gland  multiply 
abundantly,  and  the  new  cells  as  they  are  produced 
gradually  become  converted  into  fat  ;  the  cell  breaks  up, 
and  the  fatty  matters  in  a  more  or  less  coherent  form 
constitute  the  milk-corpuscles.  In  the  earliest  stages  of 
the  process  the  granules  of  fat  cohere  and  form  the 
colostrum-corpuscles,  which  are  precisely  analogous  to 
the  large  granular  corpuscles  met  Avith  in  chronic 
cerebral  softening,  &c.  (Pig.  9,  h) ;  but  as  the  secretion 
becomes  fully  established,  and  the  multiplication  and 
disintegration  of  the  cells  takes  place  more  rapidly,  the 
fatty  molecules  become  at  once  distributed  in  the  liquid 
in  which  they  are  suspended,  giving  to  the  secretion  its 
characteristic  white  colour.    The  milk-corpuscles  thus 


(Fig.  9,  h). 


Fig.  9, 
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formed  are  replaced  by  the  continuous  formation  of  new 
cells  from  below,  which  in  their  turn  undergo  fatty  meta- 
morphosis, and  in  this  manner  a  continuous  formation 
and  destruction  of  cells  take  place. 

Other  examples  of  fatty  metamorphosis  are  afforded 
by  the  formation  of  the  sebaceous  matter  of  the  skin,  the 
cerumen  of  the  ears,  and  the  corpus  luteum  in  the  ovary ; 
all  of  which  take  place  in  the  same  way  by  the  fatty 
metamorphosis  and  destruction  of  newly  formed  cells. 

The  immediate  effect  of  fatty  metamorphosis  is  to  pro- 
duce more  or  less  softening  of  the  affected  part,  the  cellu- 
lar elements  are  completely  destroyed,  the  intercellular 
substance  also  undergoes  fatty  changes,  and  thus  all  trace 
of  the  original  structure  may  be  ultimately  lost.  This 
destruction  of  the  cells  is  the  essential  feature  of  the 
change,  and  distinguishes  it  from  fatty  infiltration,  in 
which  the  cells  within  which  the  fat  accumulates  usually 
remain  intact. 

If  large  tracts  of  tissue  are  affected,  the  change  is 
readily  recognisable  by  the  diminution  in  consistence 
and  elasticity  which  are  produced,  and  in  many  cases 
also  by  the  opaque  yellowish-white  colour.  If,  however, 
the  change  is  limited  to  minute  and  isolated  portions  of 
the  tissue,  its  existence  can  only  be  discovered  with  the 
aid  of  the  microscope. 

The  fatty  particles  into  which  the  cells  have  been 
transformed,  under  favourable  circumstances  are  readily 
absorbed.  This  is  seen  in  the  fatty  degeneration  and 
absorption  of  inflammatory  products,  such  as  occurs  in 
croupous  pneumonia.  In  order  for  such  absorption  to 
take  place,  it  is  necessary  that  the  tissue  should  be  freely 
suppHed  with  blood-vessels.  If  this  is  not  the  case,  the 
degenerated  products  are  liable  to  undergo  certain 
changes  whereby  they  become  converted  into  apultaceous 
crumbling  material  somewhat  resembling  cheese  : — this  is 
known  as  caseation. 

Caseation.— This  is  a  modification  of  the  degenerative 
process  in  which  the  fatty  products  gradually  dry  up  into 
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a  yellowisli  friable  material,  whicli  has  been  compared  to 
soft  cbeese.  This  change  appears  to  be  owiug  to  a 
natural  dryness  of  the  degenerated  tissue,  resulting  from 
deficient  vascular  supply.  It  is  most  frequent  in  parts 
which  contain  but  few  vessels,  or  in  those  in  which  these 
become  obliterated  by  inflammatory  products  or  by  some 
new  growth.  Growths  composed  of  closely-crowded  cells — 
as  epithelial  accumulations  within  the  pulmona.ry  alveoH, 
growths  in  the  lympathic  glands,  in  the  brain,  and  in  the 
osseous  structures,  are  the  most  Uable  to  become  caseous. 

The  process  consists  in  a  gradual  drying  up  of  the 
degenerated  elements  ;  the  fluids  are  absorbed,  the  cells 
— which  are  many  of  them  incompletely  degenerated — 
shrivel  and  atrophy,  the  fat  undergoes  partial  saponifica- 
tion, cholesterine  forms,  and  the  tissue  thus  becomes 
converted  into  a  soft,  yellowish -white,  cheesy  substance, 
composed  of  atrophied  cells,  fatty  debris,  and  cholesterine 
crystals.  This  material  may  gradually  dry  up  more  and 
more,  and  ultimately  become  encapsuled  by  a  layer  of 
fibrous  tissue. 

These  cheesy  matters  are  constantly  met  with,  espe- 
cially in  the  lungs,  and  considerable  confusion  has  arisen 
as  to  their  nature  and  origin  in  this  situation.  This  has 
proceeded  from  its  having  been  formerly  the  custom  to 
look  upon  all  cheesy  masses  as  essentially  tubercular. 
Tubercle,  it  is  true,  often  undergoes,  to  a  greater  or  less 
extent,  fatty  degeneration,  and  it  may  thus,  like  all 
other  growths  which  have  undergone  this  process,  be- 
come converted  into  a  yellow  cheesy  substance ;  but  it 
is  by  no  means  true  that  all  cheesy  masses  are  tuber- 
cular. The  pathological  significance  of  caseation  is 
thus  less  Hmited  than  was  formerly  supposed,  and 
although  this  change  is  undoubtedly  most  common  in 
tuberculous  and  scrofulous  lesions,  its  occurrence  merely 
indicates  that  the  elements  have  undergone  fatty  meta- 
morphosis, and  under  no  circumstances  is  it  in  itself 
evidence  of  any  one  particular  form  of  morbid  growth. 
(See  "  Scrofulous  Inflammation.") 
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The  caseous  mass  may  subsequently  become  calcified, 
or  undergo  a  process  of  softening  and  liquefaction. 

Calcification. — This  is  an  advanced  stage  of  the  pre- 
ceding process.  It  most  frequently  occurs  in  those  cases 
in  which  the  caseous  mass  is  completely  enclosed  and 
isolated  from  the  external  air,  as  when  in  the  lymphatic 
glands,  in  bone,  or  when  encapsuled  in  the  lungs.  The 
mass  becomes  infiltrated  with  calcareous  particles,  and  is 
thus  converted  into  a  calcareous  concretion.  (See  "  Cal- 
careous Degeneration.") 

Softening. — This  process  consists  in  a  liquefaction  of 
the  caseous  substance,  which  is  probably  owing  to  some 
chemical  change  in  its  constituents.  It  most  commonly 
occurs  in  parts  which  come  into  contact  with  the  external 
air,  especially  in  those  situated  in  the  lungs.  The 
caseous  mass  liquefies,  and  is  converted  into  a  thin  puri- 
form  liquid,  containing  curd-like  cheesy  matter,  which  to 
the  naked  eye  looks  much  like  pus,  but  under  the  micro- 
scope is  seen  to  consist  simply  of  granular  debris,  fat, 
and  cholesterine  crystals.  This,  if  not  discharged,  may, 
Hke  the  caseous  masses,  ultimately  dry  up  and  become 
calcified. 

PATTY  degeneration  OF  AKTEBIES. 

Fatty  degeneration  of  arteries  may  be  a  primary  or 
secondary  affection.  As  a  secondary  process  it  is  met 
with  in  Atheroma  and  other  infiammatory  conditions  of 
the  vessels  in  which  the  fatty  change  is  preceded  by 
a  cellular  infiltration  of  the  sub-endothelial  connective 
tissue.    (See  "  Atheroma.") 

Primary  fatty  degeneration  is  a  passive  process,  not 
being  preceded  by  any  increased  nutritive  activity  of  the 
parts  affected  by  it.  It  may  aff'ect  both  the  internal, 
middle,  and  external  coats  of  the  artery,  but  it  is  most 
common  in  the  first-named  situation.  The  change  usually 
commences  in  the  endothelium  and  the  connective  tissue 
cells  in  the  most  internal  layers  of  the  inner  coat,  small 
groups  of  cells  becoming  affected  in  various  parts  of  the 
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vessel;  and  it  may  gradually  extend  from  within  out- 
wards, the  intercellular  substance  softening,  until,  in  ex- 
ceptional cases,  the  whole  thickness  of  the  intima  is 
destroyed.    (Fig.  10.) 

Fig.  10. 


Fatty  Deqeneration  of  the  Internal  Coat  of  the 
Aorta.  MiBute  yellowish-wMte  jjatches  scat- 
tered over  the  lining  membrane  of  tlie  vessel. 
A  very  thin  layer  peeled  off  and  x  200,  showing 
the  groups  of  fat  molecules,  and  the  distribution 
of  fat  in  the  intima. 

In  the  earlier  stages  of  the  process,  the  condition  is 
recognised  by  the  existence  of  small,  irregular- shaped 
patches  of  an  opaque  yellowish-white  colour,  projecting 
very  slightly  above  the  surface  of  the  intima.  These, 
which  are  so  constantly  met  with  on  the  Hning  membrane 
of  the  aorta,  may  at  first  be  mistaken  for  atheroma. 
They  are  in  most  cases,  however,  readily  distinguishable 
by  their  superficiality,  and  by  the  facility  with  which 
they  can  be  stripped  off  from  the  subjacent  layers,  which 
present  a  natural  appearance.  In  atheroma,  on  the  other 
hand— which  afi'ects  the  deeper  structures— if  the  super- 
ficial layer  be  removed,  the  opacity  and  thickening  are 
seen  to  exist  beneath  it.  In  many  cases  the  change  is 
limited  entirely  to  the  innermost  layers  of  the  vessel ;  the 
more  the  subjacent  tissues  are  involved,  the  greater  is  the 
irregularity  in  the  shape  of  the  patches,  and  the  less  readily 
can  they  be  separated  with  the  forceps.  The  opaque 
patches  occasionally  break  down,  the  cells  are  destroyed, 
the  intercellular  substance  softens,  and  the  granular  debris 
is  carried  away  by  the  circulation,  leaving  small,  irregular, 
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siiperficial  erosions  upon  the  lining  membrane  of  the 
vessel.  These  erosions  are  not  ulcers  in  the  true  sense  of 
that  term,  not  being  the  result  of  an  active  process.  They 
resemble  the  superficial  erosions  so  common  upon  the 
mucous  membrane  of  the  stomach,  as  described  by  Dr. 
Wilson  Fox. 

Simple  fatty  degeneration  may  occur  in  any  of  the 
arteries,  but  it  is  in  the  smaller  ones  that  its  injurious 
influence  is  most  marked,  and  in  these  it  is  more  especially 
liable  to  affect  the  external  coat.  Here,  by  diminishing 
the  elasticity  and  contractility  of  the  vessels,  it  causes 
degenerative  changes  in  the  parts  which  they  supply,  and 
often  leads  to  rupture.  This  is  exemplified  by  many  cases 
of  chronic  cerebral  softening  and  cerebral  hsemorrhage, 
although  here  atheromatous  are  often  associated  with  the 
fatty  changes.  In  the  larger  arteries,  as  the  aorta — 
where  it  is  exceedingly  common — it  is  of  less  importance, 
the  inflammatory  process,  atheroma,  having  here  a  far 
more  deleterious  efi"ect. 

Fatty  Degeneration  of  Gapillaries. — The  capillaries 
may  also  be  the  seat  of  fatty  changes.  Here  they  are 
most  common  in  the  nervous  centres,  and  in  the  kidneys 
in  Bright's  disease.  The  process  commences  in  the 
endothelial  cells,  and  may  involve  considerable  areas  of 
the  capillary  wall,  so  that  rupture  is  often  the  ultimate 
result.  This  is  common  in  the  smallest  cerebral  blood- 
vessels, where  it  is  sometimes  a  cause  of  cerebral 
(capillary)  haemorrhage. 

Primary  fatty  degeneration  of  blood-vessels  is  in  most 
cases  a  senile  change ;  it  is  an  expression  of  that  general 
impairment  of  vitality  which  exists  in  advanced  life,  and 
is  usually  associated  with  similar  changes  in  other  parts. 
When,  however,  it  is  limited  to  the  lining  membrane  of 
the  largest  arteries,  it  is  often  met  with  in  early  life  and 
in  persons  who  are  otherwise  perfectly  healthy.  Fatty 
degeneration  secondary  to  inflammatory  conditions  will 
be  considered  subsequently.  (See  "Inflammation  of 
Blood-vessels.") 
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TATTY  DEGENERATION  OE  THE  BRAIN. — CEREBRAL  SOETENING. 

Fatty  degeneration  of  tie  brain  is  met  with,  in  those 
morbid  conditions  comprised  trader  the  common  term  of 
"  Cerebral  Softenings."  Whatever  interferes  with  the 
supply  of  blood  to  the  cerebral  substance  will  tend  to 
produce  fatty  degeneration,  and  hence  softening.  The 
portions  of  the  brain  which  are  the  seat  of  this  change 
may  be  merely  rather  softer  than  the  surrounding  healthy 
tissue — breaking  down  more  readily  under  a  stream  of 
water  which  is  allowed  to  fall  upon  them — or  they  may 
be  completely  diffluent.  They  are  never  distinctly  cir- 
ciim  scribed,  but  pass  by  insensible  gradations  into  the 
neighbouring  tissue. 

Under  the  microscope  the  change  is  seen  to  consist  in 
a  disintegration  of  the  nerve-tissue.  The  white  sub- 
stance of  the  fibres  first  coagulates,  then  breaks  up  into 
large  masses  (myeline),  and  these  subsequently  undergo 
fatty  metamorphosis.  The  cells  of  the  neuroglia,  the 
small  blood-vessels,  and  when  the  grey  matter  is  impli- 
cated, the  large  nerve-cells,  are  also  involved  in  the  fatty 
change.  The  tissue  is  thus  converted  into  broken-down 
fibres,  a  large  amount  of  molecular  fat,  and  numerous 
large  granular  corpuscles,  the  so-called  "  exudation 
corpuscles"  or  "  compound  inflammatory  globules  of 
Gluge."  (Fig.  11.)  These  corpuscles,  as  already  stated, 
were  formerly  looked  upon  in  all  cases  as  the  result  of 
inflammation,  hence  their  name;  they  are,  however, 
simply  conglomerations  of  fat  granules  formed  by  the 
degeneration  of  the  cellular  elements.  (See  Fig.  9.)  The 
cells  from  which  they  originate  are,  according  to  Virchow 
and  Eobin,  the  cells  of  the  neuroglia — the  connective 
tissue  of  the  brain  : — these  cells  share  in  the  fatty  change, 
and  in  doing  so,  appear  to  undergo  considerable  enlarge- 
ment before  they  are  destroyed  and  the  fatty  matter 
breaks  up.  They  vary  in  size  from  to  ^'qq  inch  in 
diameter,  the  average  being  ygVo-  When  the  softening 
aifects  the  grey  matter  the  nerve-cells  also  contain  mole- 
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cular  fat.  The  smaU  arteries  and  capillaries  running 
through  the  softened  part  are  many  of  them  filled  with 
fat  crannies  and  granular  cells.  These  latter  probably 
orio-inate  in  the  white  blood-corpuscles  which  have  accu- 


Fig.  11. 


Chronic  White  Softening  of  the  Brain.  Show- 
ino-  the  granular  corpuscles,  broken-down  nerve- 
fibi-es  and  fat  granules,  of  which  the  softened 

substance  is  composed.  One  or  two  nucleated 
cells  (probably  nerve-cells)  are  also  visible. 

X  250. 

mulated  in  the  part  and  undergone  fatty  changes.  Mole- 
cular fat  and  the  large  granular  corpuscles  will  also  be 
seen  adhering  to  the  external  surface  of  the  vessels  ;  and 
here  care  is  required  to  distinguish  these  from  fatty  dege- 
neration of  the  vessels  themselves,  with  which  the  cerebral 
softening  is  so  frequently  associated.  As  the  process 
proceeds  the  cerebral  substance  is  completely  destroyed 
and  aU  trace  of  nerve-structure  is  ultimately  lost. 

The  colour  of  the  softened  portion  varies  considerably. 
It  may  resemble  that  of  the  surrounding  healthy  tissue  ; 
in  other  cases  it  is  altered  to  a  yellowish  or  deep  red  tint. 
According  to  these  variations  in  colour,  cerebral  soften- 
ings have  been  classified  into  while,  yellow,  and  red.  The 
colour  depends  in  great  measure  upon  the  amount  of 
blood  contained  in  the  part,  and  on  this  account  is  im- 
portant, as  indicating  the  manner  in  which  the  softening 
has  been  brought  about. 

White  Softening. — This  is,  in  the  great  majority  of  cases. 
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a  chronic  condition.  It  occurs  especially  in  old  people, 
and  is  usually  due  to  that  disease  of  the  smaller  cerebral 
blood-vessels  and  consequent  interference  with  the  circu- 
lation which  is  common  as  a  result  of  age.  The  impair- 
ment of  the  contractile  power  of  the  heart  must  also  con- 
stitute an  auxiliary  in  the  causation  of  the  imperfect 
vascular  siipply.  It  is  the  gradual  manner  in  which  the 
supply  of  blood  is  diminished  which  accounts  for  the 
absence  of  hyperaemia  or  hemorrhage,  so  that  the  colour 
of  the  softened  portion  either  resembles  that  of  healthy 
brain-tissue,  or  is  an  opaque  dirty  white.  White  soften- 
ing is  sometimes  acute,  in  which  case  it  is  usually  due  to 
the  sudden  obstruction  of  the  circulation  by  the  impaction 
of  an  embolus  in  one  of  the  larger  arteries.  (See  "  Embo- 
lism in  the  Brain.") 

Yellow  Softening.— This  is,  in  most  cases,  simply  a 
variety  of  the  former  process,  in  which,  from  the  fine 
state  of  division  and  close  aggregation  of  the  fatty 
particles,  a  dead  yellowish-white  colour  is  imparted  to  the 
softened  tissue.  This  colour  is  probably  often  partly 
owing  to  the  presence  of  altered  blood  pigments,  the 
result  of  some  previous  slight  extravasation.  The  pig- 
ment may  sometimes  be  seen  as  fine  dark  granules,  scat- 
tered through  the  cells  of  the  neuroglia  and  the  nerve- 
cells  of  the  grey  matter,  where  at  first  sight  they  look 
like  fatty  particles  ;  they  are  distinguished,  however,  by 
their  dark  black  colour.  A  softening  of  the  brain  more 
rapidly  induced,  as  by  embolism  or  thrombosis,  may  also 
occasionally  be  of  a  yellow  colour.  This,  however,  is  only 
the  case  when  the  softened  portion  has  attained  a  certain 
age,  and  much  of  the  extravasated  blood  has  been  re- 
moved by  absorption.  Lastly,  a  condition  of  gelatinous 
oedema  of  a  yellow  colour,  which  has  been  described  by 
Rokitansky  as  often  being  present  in  the  immediate 
vicinity  of  cerebral  tumours,  has  been  regarded  as  a 
variety  of  yellow  softening. 

Bed  Softening. — This  is  commonly  a  more  acute  affec- 
tion, most  frequently  dependent  upon  vascular  obstruction. 
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either  from  embolism  or  thrombosis.  There  is  collateral 
hyperemia,  rupture  of  capillaries,  and  extravasation  of 
blood ;  the  softened  tissue  is  consequently  of  a  deep  red 
colour.  These  forms  of  softening  will  be  described  in  the 
chapter  on  "  Embolism."  B,ed  softening  is  also  sometimes 
associated  with  the  chronic  white  variety,  some  of  the 
diseased  vessels  giving  way,  and  thus  extravasation  of 
blood  taking  place  into  the  already  softened  tissue. 
Lastly,  red  softening  maybe  inflammatory.  (See  "In- 
flammation of  the  Brain.") 

PATTY  DEGENEEATION  OE  MUSCLE. 

Both  striated  and  non-striated  muscle  may  be  the  seat 
of  fatty  degeneration.  In  the  latter,  the  muscular  fibre- 
cells  are  the  seat  of  the  change  ;  they  become  filled  with 
fat  granules  and  are  ultimately  destroyed.  This  condi- 
tion is  frequently  met  with  in  the  middle  coat  of  arteries 
which  are  undergoing  fatty  degeneration. 

In  striated  muscle — both  in  the  voluntary  and  in  the 
involuntary  of  the  heart — the  fibres  themselves  are  the 
seat  of  the  morbid  |)rocess,  which  consists  in  the  conver- 
sion of  the  albuminous  matter  of  which  the  fibre  is  com- 
posed into  fat.  The  earliest  stage  of  the  afi;ection  is 
characterised  by  an  indistinctness  in 
the  transverse  markings  of  the  fibres,  ^i^- 12. 

which  in  many  parts  become  studded 
with  minute  particles  of  fat.  (Fig.  12.) 
These  gradually  increase  in  number 
and  size,  and  are  usually  distributed 
somewhat  irregularly  within  the  aar- 
colemma.  In  some  parts  single  rows 
of  granules  are  found  running  along  -p^^^^y  Deg^eration 
the  length  of  the  fibre  ;  in  others,  they  of  Muscular  Fibres 

are  grouped  around  the  nuclei  or  ar-  'if a-  Earlier 
T  .     ,  ,     stage.    6.  More  ad- 

tanged  m  transverse  Imes  correspond-  vauced.    x  400. 

ing  with  the  strise  of  the  muscle.  The 

■fibres become  extremely  friable,  and  are  readily  broken  up 

into  short  fragments.  As  the  process  proceeds  the  trans- 


58 


NUTEITION  IMPAIEED. 


verse  markings  entirely  disappear,  and  notliing  but  mole- 
cular fat  and  oil  globules  are  seen  witbin  the  sarcolemma. 
Tbe  sarcolemma  itself  may  ultimately  be  destroyed,  and 
notliing  remain  of  tbe  original  fibre  but  tbe  fatty  debris 
into  wbicb  its  albuminous  constituents  have  been  con- 
vei-ted.  This  is  true  fatty  degeneration  of  muscle  ;  in  it 
the  muscular  elements  are  destroyed,  and  it  thus  differs 
essentially  from  fatty  infiltration,  in  which  there  is 
simply  a  development  of  fat  between  the  fasciculi,  the 
fasciculi  themselves  not  being  primarily  affected.  (See 
"  Fatty  Infiltration  of  Muscle.") 

FATTY  DEGENERATION  OF  THE  HEART. 

It  is  in  the  heart  that  fatty  degeneration  of  muscle  is 
most  frequently  met  with,  and  here  it  assumes  a  most 
important  aspect  from  the  deleterious  influence  which  it 
exercises  upon  the  motor  power  of  the  organ.  The  mus- 
cular substance  may  be  affected  throughout,  or  the  dege- 
neration may  be  confined  to  certain  portions  of  it.  It  is 
more  common  iu  some  situations  than  in  others.  The 
order  of  frequency  with  which  it  occurs  in  different  parts  is, 
according  to  Dr.  Quain,  firstly,  the  left  venticle ;  secondly, 
the  right  venticle;  thirdly,  the  right  auricle;  and  fourthly, 
the  left  auricle. 

The  wider  the  extent  of  tissue  that  is  affected,  the  less 
advanced,  as  a  rule,  is  the  degree  of  the  degeneration.  It 
is  in  those  cases  in  which  small  tracts  of  tissue  only  are 
involved  that  the  process  is  met  with  in  its  most  advanced 
stage. 

The  consistence  of  the  degenerated  part  is  always 
diminished,  and  its  colour  altered.  When  the  change  is 
slight,  and  more  or  less  general,  the  muscle  is  somewhat 
softer  and  more  flabby  than  natural ;  it  is  more  friable, 
and  often  breaks  with  a  soft  granular  fracture.  The 
colour  is  uniformly  rather  paler,  and  more  opaque  than 
that  of  healthy  cardiac  tissue.    Under  the  microscope  the 
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muscular  fibres  are  seen  to  have  lost  their  striated  ap- 
pearance, and  to  contain  granules  of  fat. 

This  diEEuse  form  of  degeneration  may  occur  in  the 
course  of  those  diseases  in  which  the  oxidation  processes 
are  reduced  to  a  minimum ;  in  all  those  diseases,  in  short, 
which  are  attended  by  marked  anemia,  whether  this 
anaemia  be  gradually  or  rapidly  induced.  In  the  case  from 
which  the  accompanying  drawing  was  taken  the  degene- 
tionwas  acute.   (Fig.  13.)    This  was  the  case  of  a  weakly 

Fig.  13. 


Acute  Fatty  Degme.raMon  of  Heart  and  of  other  Muscles,  a. 
Heart.  6.  Eectus  abdominis.  The  whole  of  the  heart-tissue 
was  affected  and  also  the  muscles  in  other  parts  of  the  body. 
X  400. 


young  girl  who  was  under  my  care  suffering  from  slight 
valvular  disease.  She  quickly  succumbed  with  acute 
fatty  degeneration  of  the  heart  and  other  muscles,  which 
was  induced  by  a  profuse  loss  of  blood  during  a  menstrual 
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period,  and  by  inability  to  retain  food*  In  its  slightest 
degrees  a  dilFuse  fatty  degeneration  of  the  heart  some- 
times occurs  in  the  course  of  acute  febrile  diseases.  This 
wiU  be  again  referred  to  in  the  chapter  treating  of  the 
histological  changes  produced  by  pyrexia. 

Less  frequent  than  this  diffuse  and  comparatively 
sHght  degree  of  degeneration,  affecting  the  whole  or  the 
greater  part  of  the  organ,  is  a  condition  in  which,  although 
perhaps  the  change  may  be  more  or  less  general,  it  is 
much  more  advanced  in  some  parts  than  in  others.  In 
such  cases  the  heart  presents  a  mottled  appearance; 
numerous  opaque  pale  yellowish  or  brownish  patches  are 
seen  irregularly  distributed  throughout  its  substance. 
These  patches  vary  considerably  in  size  and  form :  they 
are  met  with  especially  in  the  papillary  muscles,  the 
columnse  carnea3,  and  in  the  layers  of  fibres  immediately 
beneath  the  endocardium.  They  may  also  occur  beneath 
the  pericardium,  and  in  the  deeper  portions  of  the  organ. 
They  correspond  with  the  most  degenerated  portions  of 
the  tissue.  They  are  soft  and  flabby,  and  have  a  rotten 
consistence,  tearing  readily  under  the  finger.  Under  the 
microscope,  the  fibres  are  often  seen  to  be  in  an  advanced 
stage  of  fatty  degeneration;  their  sarcolemma  contains 
large  molecules  of  fat  and  oil  globules,  which  in  many 
parts  have  escaped  and  lie  free  amongst  the  surrounding 
less  degenerated  tissue,  (Fig.  12,  b.)  These  more  localised 
degenerations  are  most  common  in  old  people,  and  usually 
result  from  imperfect  sujDply  of  blood  due  to  disease  of 
the  coronary  blood-vessels,  and  not  from  conditions  of 
general  anaemia.  The  peripheral  layers  of  muscular  tissue 
also  frequently  undergo  extensive  fatty  degeneration 
as  the  result  of  pericarditis.  The  connection  between 
these  localised  degenerations  and  rupture  and  aneurism 
of  the  heart  is  well-known. 


♦  This  case  is  reported  in  "  Traus.  Clinical  Society,  Lond." 
Vol.  viii.  1875 
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BROWN  ATROPHY  OF  THE  KEAET. 

Closely  allied  to  and  occasionally  associated  with  fatty 
degeneration  of  tlie  heart,  is  the  condition  known  as 
bro^vn  ati-ophy.  This  consists  in  a  gradual  atrophy  of 
the  muscnlar  fibres,  together  with  the  formation  of 
granules  of  brownish-yellow  or  blackish  pigment.  These 
granules  of  pigment  are  either  grouped  in  clusters  around 
the  nuclei,  or  more  generally  distri- 
buted within  the  fibre.  The  fibres  are 
frequently,  at  the  same  time,  the  seat 
of  more  or  less  fatty  degeneration. 
(Fig.  14.) 

Brown  atrophy  of  the  heart  is  rare. 
It  usually  occurs  as  a  senile  change, 
or  as  a  part  of  general  marasmus  from 
other  causes.  It  is  also  met  with  in 
some  cases  of  cardiac  hypertrophy.  It 
is  more  chronic  in  its  course  than 
simple  fatty  degeneration,  and  its  re- 
cognition is  in  most  cases  impossible 
without  the  aid  of  the  microscope. 

FATTY  DEGENERATION  OP  THE  KJDNETS. 

Fatty  degeneration  ofthe  kidneys  fre- 
quently occurs  as  a  result  of  inflammation  of  the  organs. 
This  secondary  degeneration  will  be  alluded  to  when 
treatmg  of  renal  inflammations.  Primary  fatty  degene- 
ration is  much  less  frequent.  It  must  be  borne  in  mind 
that  the  renal  epithelium  very  commonly  contains  more 
or  less  fat ;  but  it  is  only  when  this  is  excessive  that  it 
can  be^  regarded  as  a  diseased  condition.  This  excessive 
formation  of  fat  in  the  kidney  is,  I  think,  less  common 
than  is  generally  supposed.  It  is,  however,  occasionally 
met  with  in  chronic  diseases,  especially  in  pulmonary 
phthisis.  It  is  also  a  result  of  poisoning  by  phos- 
phorus. 


Fig.  14. 


Eroivn  Atrophy  of 
the  Heart.  Showing 
the  granules  of  pig- 
ment and  the  atro- 
phy of  the  fibres. 
The  latter  have  ia 
some  parts  under- 
gone slight  fatty  me- 
tamorphosis.   X  4(J0. 
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In  simple  fatty  degeneration  tlie  change  is  usnally  con- 
fined to  the  epithelium  of  the  cortex.  The  cortex  presents 
on  section  a  somewhat  yellowish-white  surface,  often 
slightly  mottled,  and  this,  in  most  cases,  is  most  marked 
near  the  bases  of  the  pyramids.  There  is  no  adhesion  of 
the  capsule  or  granulation  of  the  surface.  This  change 
appears  to  interfere  but  little,  if  any,  with  the  functions 
of  the  organs,  and  in  this  respect  it  resembles  the  aualp- 
gous  change  in  the  liver.  It  is  not  usually  accompanied 
by.  albuminuria. 


CHAPTER  VI. 


MUCOID  AND  COLLOID  DEGENEEATION. 

Under  this  head,  is  included  a  class  of  morbid  charges 
which  are  characterised  by  a  peculiar  softening  of  the 
tissues.  CoUoid  and  mucoid  degeneration  have  frequently 
been  described  under  the  common  term  of  "  colloid  soften- 
ings," but,  although  they  are  very  closely  allied  and 
sometimes  associated,  they  appear  to  constitute  two 
distinct  processes  :  the  former  affecting  more  especially 
the  cells,  the  latter  the  intercellular  substance. 

Mucoid  Degeneration. — This  consists  in  the  transfor- 
mation of  the  albuminoid  constituents  of  the  tissues  into 
mucin,  owing  to  which  they  become  converted  into  a 
material  of  a  soft,  mucilaginous,  jelly-like  consistence. 
This  is  the  condition  of  nearly  all  tissues  in  their  imma- 
ture or  foetal  state  :  the  connective  tissues  in  the  foetus 
consist  almost  entirely  of  this  soft  mucin-yielding  sub- 
stance. Some  tissues  retain  these  characters  after  birth. 
The  umbilical  cord,  and  the  vitreous  humour  of  the  eye, 
are  both  composed  of  this  substance. 

A  mucoid  change  occurs  as  a  physiological  process 
in  the  secretion  of  mucus.  The  newly-formed  cells 
undergo  mucoid  transformation,  which  results  in  their 
destruction,  and  the  mucus  is  thus  liberated.  It  is  con- 
sidered probable  by  some  that  the  cells  may  also  evacuate 
the  mucus  without  being  destroyed.  This  process  occurs 
much  more  rapidly  in  all  catarrhal  conditions  of  the 
mucous  membrane. 

As  a  pathological  process  mucoid  degeneration  affects 
especially  the  intercellular  substance.    The  intercellular 
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substance  of  the  connective  tissues  in  their  fully  de- 
veloped state  consists  of  gelatin  and  chondrin,  and  the 
mucoid  change  is  thus  a  reversion  of  this  substance  to  its 
foetal  condition. 

Mucin  is  closely  allied  to  albumen,  more  so  than  to 
either  gelatin  or  chondrin :  it  differs  from  it  in  not  con- 
taining sulphur.  Like  albumen,  it  is  only  met  vnth.  in 
alkaline  fluids — being  held  in  solution  by  the  free  alkali — 
from  which  it  is  precipitated  by  dilute  acetic  acid.  It 
differs  from  albumen  in  being  insoluble  in  an  excess  of 
the  acid,  and  also  in  not  being  precipitated  by  boiling, 
by  tannin,  or  by  bichloride  of  mercury.  Its  behaviour 
with  these  two  reagents  wiU  also  distinguish  it  from 
gelatin  and  chondrin,  which  are  both  precipitated  by 
them. 

The  mucoid  change  is  by  no  means  a  common  one.  It 
is  most  frequently  met  with  in  cartilage,  especially  in  the 
inter- vertebral  and  costal  cartilages  of  old  people.  It  also 
occurs  in  serous  membranes,  in  bone,  and  in  many  of  the 
new  formations,  especially  in  those  of  the  connective 
tissue  class.  Wherever  it  occurs  it  produces  softening 
of  the  affected  parts ;  which  are  transformed  into  a  homo- 
geneous, colourless  material,  of  a  soft  mucUagiuous 
jelly-like  consistence.  If  the  change  is  limited  to  isolated 
portions  of  the  tissue,  the  softened  parts  surrounded  by 
those  which  are  unaltered,  often  present  the  appearance 
of  cysts.  These  cyst-like  formations  containing  mucoid 
substance  are  not  uncommonly  met  with  in  the  costal 
cartilages  and  in  new  growths. 

As  to  the  cause  of  the  mucoid  change,  nothing  is 
known. 

OoLLOiD  Degenekation. — Tliis  differs  from  the  former, 
inasmuch  as  it  is  the  cells  which  are  more  especially  in- 
volved in  the  process. 

The  change  consists  in  the  metamorphosis  of  the  albu- 
minoid constituents  of  the  cells  iuto  a  substance  known 
as  colloid  material.  Colloid  closely  resembles  mucin,  but 
it  differs  from  it  chemically,  in  containing  sulphur,  and  in 
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not  being  precipitated  by  acetic  acid.  It  is  a  colourless, 
transparent,  glistening  material,  of  the  consistence  of  jelly 
or  half- set  glue.  It  mates  its  appearance  within  the  cells 
as  small  lumps,  which  gradually  increase  in  size,  pushing 
the  nucleus  to  one  side,  until  they  completely  fill  the  cell. 
(Fig.  16.)  The  cells  are  thus  destroyed,  and  converted 
into  colloid  masses.  The  small  colloid  masses  sub- 
sequently swell  up,  coalesce,  and  so 
form  larger  masses  of  firm,  transpa- 
rent, yellowish,  jelly-like  material, 
which  are  readily  to  be  recognised  by 
the  naked  eye.  As  the  colloid  matter 
increases,  and  the  cells  are  destroyed, 
the  intercellular  substance  atrophies 
or  softens,  and  in  this  way  cyst-like 
cavities  are  formed,  within  which  is 
contained  the  gelatinous  substance. 
Here  it  may  subsequently  undei'go  a 
process  of  liquefaction.  (See  Fig.  67). 

The  colloid  change  is  most  common 
in  enlai'gements  of  the  thyroid  gland 
(goitre),  in  the  lymphatic  glands,  in 
the  choroid  plexus,  and  in  many  of  the  new  formations. 
(See  "  Colloid  Cancer.")  Its  causes  and  nature  are  as 
obscui-e  as  those  of  the  allied  mucoid  softening. 

It  is  when  occurring  in  new  formations  that  these  two 
forms  of  degeneration  assume  their  most  important 
aspects.  Cei-tain  varieties  of  tumours  may  originate  as 
mucoid  or  colloid  growths,  or  may  subsequently  undergo 
these  morbid  transformations.  The  mucous  tumours 
(myxomata),  which  resemble  in  structure  the  umbilical 
cord,  consist  entirely  of  a  gelatinous  mucin-yielding  sub- 
stance. The  sarcomata,  lipomata,  enchondromata,  and 
the  cancers  may  also  become  the  seats  of  these  forms  of 
softening. 

Such  growths  have  sometimes  been  described  as  gela- 
tin i  form  or  colloid  cancers,  this  term  having  been  applied 
to  them  without  any  regard  to  their  structure  or  real 


Colloid  Cells,  from 
a  colloid  cancer 
(Eiudfleisch.) 


66 


NUTEITION  IMPAIRED. 


nature.  Cancers,  it  is  true,  may  undergo  a  colloid 
change  (see  "Colloid  Cancer");  but  it  is  by  no  means 
true  that  all  tumours  possessing  these  soft  gelatiniform 
characters  are  cancers.  The  terms  "mucoid"  or  "colloid," 
applied  to  a  new  growth,  merely  imply  certain  physical 
and  chemical  characters,  and  convey  but  little  informa- 
tion as  to  its  real  nature. 


MUSCULAR  CHANGES  IN  TYPHOID  PEVEB. 

Allusion  must  be  made  here  to  that  change  met  with 
in  the  muscles  in  typhoid  fever,  which  was  first  described 
by  Zenker,  and  which  appears  to  be  somewhat  allied  to 
colloid  degeneration.  This  change  is  most  marked  in  the 
recti  muscles  of  the  abdomen,  the  adductors  of  the  thigh, 

Fig.  16. 


A  Portion  of  the  Salens  Mmclefrom  a  Case  <-/  Typhoid 
Fe.ver.  Preparation  teased  after  treatment  with  Mai- 
ler's Fluid.    X  200.    Reduced  J. 

and  in  the  diaphragm.  The  portions  of  muscle  affected 
are  paler  than  natural,  of  a  reddish-grey  or  brownish- 
yellow  colour,  and  abnormally  friable.  Under  the  niicro- 
Bcope,  the  altered  fibres  are  much  swollen,  the  transverse 
striation  is  lost,  and  the  sarcolemma  is  occupied  by  a 
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horaogeneoiis,  structureless  materiaL  This  material  is  ex- 
ceedingly brittle,  and,  as  usually  seen,  presents  a  wrinkled 
appearance,  or  is  broken  up  transversely  into  several  irre- 
gular fragments.  (Fig.  16.)  The  fibres  are  never  univer- 
sally affected,  but  many  normal  are  associated  with  the 
altered  elements.  This  change  necessarily  impairs  the 
contractile  power  of  the  muscle,  and  it  often  leads  to 
rupture  of  some  of  the  fasciculi  and  hgemorrhage.  The 
new  material  appears  to  be  readily  absorbed,  and  the 
lost  fibres  to  be  quickly  regenerated. 

With  regard  to  the  nature  of  the  change  but  little  is 
known.  Although  most  frequent  in  typhoid,  it  occurs 
also  occasionally  in  other  severe  febrile  diseases.  The 
transformed  muscle,  as  already  stated,  appears  to  be 
aUied  to  colloid.  A  similar  change  is  described  by  Cornil 
and  Eanvier  as  sometimes  occurring  in  muscles  in  the 
neighbourhood  of  abscesses,  of  inflamed  bone,  and  of 
tumours. 


CHAPTER  VII. 


AMYLOID  DEGENEEATION. 

Amyloid  degeneration,  whicli  is  one  of  tlie  most  im- 
portant of  the  degenerative  processes,  consists  in  tbe 
infiltration  of  the  tissnes  with  a  peculiar  homogeneous 
translucent  substance,  closely  resembling  albumen,  by 
which  their  vitality  becomes  diminished  and  their  func- 
tions impaired. 

It  is  often  known  as  the  lardaceous,  or  waxy  change, 
the  organs  affected  by  it  having  somewhat  the  appear- 
ance of  lard  or  wax.  The  term  "amyloid" — which  was 
applied  to  it  by  Virchow,  from  the  supposed  resemblance 
of  the  new  material  to  cellulose  or  starch — as  being  that 
by  which  it  is  perhapa  most  generally  known,  is  here 
adopted. 

This  form  of  degeneration  is  very  rarely  a  primary 
affection,  but  almost  invariably  occurs  as  the  sequel  of 
some  other  disease.  It  is  in  those  diseases  which  are 
attended  by  profuse  and  long-continued  suppuration, 
such  as  chronic  diseases  of  bone,  empyema,  chronic  dis- 
integrative diseases  of  the  lungs,  chronic  pyelitis,  and 
chronic  intestinal  ulceration,  that  the  am3doid  change  is 
most  frequently  met  with.  It  also  occurs  in  the  advanced 
stages  of  constitutional  syphihs,  but  especially  in  those 
cases  in  which  there  is  chronic  bone  disease  or  chronic 
ulceration. 

Every  organ  and  tissue  may  be  the  seat  of  the  change ; 
those,  however,  in  which  it  is  especially  prone  to  occur 
are  the  kidneys,  the  liver,  the  spleen,  the  lymphatic 
glands,  and  the  intestines.    It  is  met  with  less  frequently 
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in  tlie  stomacH,  in  the  supra-renal  capsules,  in  the 
pharynx,  and  cBSophagus,  in  the  bladder,  prostate,  and 
generative  organs,  in  serous  membranes,  in  the  mem- 
branes of  the  brain  and  cord,  and  in  muscle.  It  is  rarely 
limited  to  one  organ,  but  several  organs  are  almost  in- 
variably simultaneously  affected  by  it. 

Eespectiny  the  nature  of  the  new  material  which  infil- 
trates the  tissues,  the  analyses  of  Kekule  and  Schmidt 
show  that  it  is  a  nitrogenous  substance  closely  allied  to 
albumen.  The  conclusions  arrived  at  by  these  observers 
are,  however,  not  satisfactory,  as  they  were  unable  com- 
pletely to  separate  the  substance  from  the  tissues  in 
Avhich  it  was  deposited.  More  recently,  Kiihne  succeeded 
in  more  completely  isolating  it.  He  submitted  the 
affected  organs  to  a  process  of  artificial  digestion,  and 
inasmuch  as  the  amyloid  substance  is  not  dissolved  by 
digestion  with  pepsin,  it  was  thus  obtained  free  from  the 
tissues  in  which  it  was  contained.  The  result  of  Kiihne's 
analyses  are  very  similar  to  those  of  Kekule  and  Schmidt. 
Dr.  Dickinson  regards  the  new  substance  as  fibrin  de- 
prived of  its  alkaline  salts.  The  investigations  of  Dr. 
Marcet*  show  that  the  infiltrated  organs  are  considerably 
deficient  in  potash  and  phosphoric  acid,  whilst  they  con- 
tain an  excess  of  soda  and  chlorine.  In  conclusion  it 
may  be  stated  that,  although  the  precise  composition  of 
the  amyloid  substance  has  not  yet  been  determined,  the 
results  of  the  several  analyses  appear  to  justify  the 
opinion  that  it  is  some  modification  of  fibrin. 

The  most  characteristic  feature  of  the  amyloid  sub- 
stance is  the  peculiar  reaction  which  it  gives  with  iodine, 
and  with  iodine  and  sulphuric  acid.  If  an  aqueous 
solution  of  iodine — made  with  the  help  of  potassium 
iodide — be  applied  to  an  amyloid  organ,  the  affected  por- 
tion changes  to  a  deep  reddish-brown  colour.  This  is 
not  permanent,  but  gradually  passes  off,  and  the  part 


*  Soo  "Report  of  Oommittee  on  Lardaceous  Disease,"  Trans. 
Path.  See.  Loud.  1871. 
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regains  its  former  appearance.  If  tTie  application  of  the 
iodine  be  followed  by  the  cautious  addition  of  sulphuric 
acid,  a  blackish-blue  or  violet  tint  is  produced.  This 
latter  reaction,  however,  is  not  easily  obtained,  consi- 
derable nicety  being  required  in  the  application  of  the 
reagents.  The  following  is  the  method  for  obtaining  it, 
recommended  by  Professor  Virchow : — A  dilute  aqueous 
solution  of  iodine  must  be  allowed  to  soak  well  into  the 
tissue,  the  excess  must  be  poured  off,  and  a  single  drop 
of  concentrated  sulphuric  acid  gradually  added,  when  a 
blue  or  violet  colour  will  be  produced,  either  at  once  or 
after  some  time.  In  the  hands  of  English  pathologists  this 
latter  reaction  has  certainly  met  with  bat  little  success; 
and  if  the  colour  be  obtained,  it  is  by  no  means  satis- 
factory, and  more  neai'ly  resembles  a  black  than  the  blue 
which  has  been  described.  Fortunately,  however,  the 
reaction  with  iodine  alone  is  perfectly  characteristic,  and 
the  attempt  to  obtain  the  blue  by  the  subsequent  addition 
of  sulphuric  acid  is  therefore  quite  unnecessary.  If  the 
change  is  at  all  advanced,  the  reddish-brown  colour  will 
be  produced  by  merely  pouring  the  aqueous  solution  of 
iodine  over  the  cut  surface  of  the  organ ;  but  in  slighter 
degrees  of  the  affection,  thin  sections  must  be  made  with 
a  Valentin's  knife,  and  well  washed  with  water  to  remove 
the  blood,  before  the  coloration  with  iodine  can  be  ob- 
tained. 

Upon  considering  the  above  reactions,  it  will  be  seen 
that  they  resemble,  in  some  respects,  those  exhibited 
by  some  well-known  oi'ganic  substances.  Cellulose — the 
substance  which  forms  the  external  membrane  of  vege- 
table cells — yields  a  blue  when  treated  with  iodine  and 
sulphuric  acid,  and  so  far  resembles  the  amyloid  mate- 
rial ;  but  it  differs  in  not  being  coloured  by  iodine  alone. 
The  same  is  true  of  cholesterine ;  this  also  gives  a  reddish - 
brown  with  sulphuric  acid,  but  is  not  altered  by  iodine. 
To  starch,  the  resemblance  is  not  so  marked  as  to  the  two 
preceding  substances ;  with  this,  iodine  produces  a  blue 
colour  without  the  addition  of  the  acid. 
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The  amyloid  substance  almost  invariably  makes  its 
appearance  first  in  the  small  arteries  and  capillaries,  and 
subsequently  extends  from  them  to  the  surrounding  tis- 
sues. The  cells  of  the  intima  and  of  the  muscular  coat 
are  the  first  to  become  infiltrated,  then  the  remaining 
structures  of  the  artery.  When  the  vessels  have  become 
infiltrated,  the  amyloid  matter  extends  to  the  immediately 
surrounding  parts;  it  invades  both  the  cells  and  the 
intercellular  substance,  and  may  gradually  extend  until 
the  whole  organ  is  completely  impregnated. 

The  changes  produced  in  the  tissues  by  this  infiltration 
are  very  characteristic.  The  cells  as  they  become  filled 
with  the  new  material  gradually  increase  in  size  ;  they 
lose  any  irregularities  in  their  contour,  and  become 
rounder  and  more  regular  in  shape;  their  nuclei  dis- 
appear, and  the  whole  cell  is  converted  into  a  structure- 
less homogeneous  body,  which  has  a  peculiar  translucent 
glistening  appearance.    (Fig.  17,  a.)    If  the  cells  are  in 


Fig.  17. 


Liver  Cells  infiltrated  with  the  Amyloid  Substance, 
a.  Single  cells,  6.  Cells  which  have  coalesced 
X  300.  (Rindfleisch.) 

close  contact  many  of  them  may  coalesce,  and  their  dis- 
tinctive boundaries  thus  become  obliterated.  (Fig.  17,  h.) 
The  intercellular  substance  in  the  same  way  acquires  a 
homogeneous  glistening  appearance.  The  walls  of  the 
small  arteries — in  which,  as  already  stated,  the  change 
commences— become  considerably  thickened,  the  cells  of 
the  muscular  coat  enlarge  and  ultimately  coalesce,  the 
calibre  of  the  vessel  becomes  diminished,  and  the  cir- 
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culation  througli  it  is  consequently  impeded.  (See 
Fig.  19.) 

Organs  in  which  this  change  is  at  all  advanced,  present 
features  so  characteristic  that  its  nature  can  be  readily 
recognised  by  the  naked  eye.  They  are  usually  consider- 
ably increased  in  size  ;  their  absolute  weight  is  increased, 
and  also  their  specific  gravity ;  their  surface  is  smooth, 
and  the  capsule  tense  and  stretched ;  their  consistence  is 
firm  and  somewhat  elastic.  On  section  they  exhibit  a 
peculiar  homogeneous,  glistening,  translucent  appearance, 
somewhat  resembling  wax  or  glue.  Owing  to  the  dimi- 
nished calibre  of  their  blood-vessels  and  to  the  pressure 
exercised  by  the  new  material,  they  contain  but  little 
blood,  and  hence  are  always  pale  in  colour.  The  change 
may  involve  the  whole  organ,  or  it  may  be  hmited  to 
certain  portions.  In  the  spleen,  for  example,  it  is  fre- 
quently limited  to  the  Malpighian  corpuscles  ;  and  in  the 
liver  to  the  cells  in  the  more  immediate  vicinity  of  the 
hepatic  artery. 

Although  the  above  characters  are  often  sufficiently 
marked,  they  should  always  be  confirmed  by  the  applica- 
tion of  iodine  to  the  cut  surface  of  the  organ.  In  shghter 
degrees  of  the  affection— when  the  physical  characters 
are  but  Little  altered — the  application  of  this  reagent 
becomes  necessary  in  order  to  discover  the  presence  of 
the  new  substance.  In  these  cases,  merely  pouring  the 
solution  over  the  organ  will  often  fail  to  produce  the 
characteristic  staining  ;  and  it  will  be  necessary  to  make 
thin  sections  with  a  Valentin's  knife,  and  wash  them 
thoroughly  with  water  to  remove  the  blood,  before  the 
reaction  can  be  obtained.  In  the  earhest  stages  of  the 
change  the  use  of  the  microscope  may  be  necessary  for 
its  recognition. 

The  effect  of  amyloid  degeneration  is  to  imjDair  or  even 
to  completely  destroy  the  nutrition  and  function  of  those 
organs  which  are  affected  by  it.  This  is  owing  to  two 
causes — the  obstruction  offered  to  the  circulation  and  the 
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direct  influence  of  the  new  material  upon  the  parenchyma 
of  the  organ.  The  obstruction  to  the  circulation,  which 
results  partly  from  the  diminution  in  the '  calibre  of  the 
small  ai-teries,  and  partly  from  the  general  pressure 
exercised  by  the  infiltrated  substance,  causes  an  insuffi- 
ciency in  the  supply  of  arterial  blood.  As  a  consequence 
of  this,  secondary  atrophic  changes  are  induced  in  various 
parts  ;  the  cells  may  atrophy  and  undergo  fatty  meta- 
morphosis, which  indeed  is  fi'equently  associated  with  the 
amyloid  change.  The  vitaUty  of  the  cellular  elements 
is  still  further  impaired  by  their  infilti-ation  with  the  new 
material,  and  thus  all  manifestation  of  their  functions 
may  ultimately  cease. 

As  this  form  of  degeneration  is  almost  invariably 
secondary  to  some  grave  constitutional  state,  it  can  rarely 
be  looked  upon  as  in  itself  a  cause  of  death,  although  it 
may  materially  hasten,  and  even  determine,  the  fatal 
termination. 

Having  thus  described  the  nature  of  the  amyloid  sub- 
stance, and  the  way  in  which  it  makes  its  appearance  in 
the  several  tissues  of  an  organ,  it  remains  to  consider  the 
source  from  which  it  is  derived.  The  disease,  as  already 
stated,  appears  to  be  an  infiltration,  and  to  consist  in  the 
deposition  of  a  new  material  from  the  blood  in  the  various 
tissues  and  organs.  The  existence,  however,  of  any  albu- 
minoid substance  in  the  blood  which  resembles  amyloid 
in  its  reaction  with  iodine,  has  never  been  made  out,  even 
in  the  most  marked  cases  of  the  disease.  This  fact  must 
therefore  negative  the  supposition  that  it  is  a  simple 
infiltration.  If  the  new  material  be  derived  from  the 
blood  at  all,  it  must  undergo  some  chemical  change 
subsequently  to  its  deposition  in  the  tissues.  Dr.  Dickin- 
son considers  that  it  is  dealkalised  fibrin,  which  is  depo- 
sited in  consequence  of  the  loss  of  the  alkali  which  it 
normally  contains.  This  loss  of  alkali  he  attributes  to 
the  chronic  suppuration  which  usually  precedes  the 
disease,  pus  containing  large  quantities  of  potassium  and 
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sodium  salts.  He  coasequently  terras  the  disease  "  dejju- 
rative  infiltration.'"*  Whether  this  be  so  or  no,  it  is 
probable  that  some  abnormal  condition  of  the  blood  is 
the  cause  of  the  disease,  and  that  the  change  itself 
consists  in  the  retention  and  coagulation  in  the  tissues 
of  some  albuminoid  substance  which  is  derived  from,  the 
nutritive  fluids.  The  way  in  which  the  several  tissues  of 
an  organ  are  affected,  the  change  almost  invariably  com- 
mencing in  the  small  nutrient  blood-vessels,  and  extending 
from  them  to  the  surrounding  parts  ;  the  general  charac- 
ter of  the  affection,  several  organs  being  simultaneously 
involved ;  together  with  the  fact  that  it  is  almost  in- 
variably secondary  to  chronic  suppurative  diseases  or 
to  syphiUs — point  to  some  alteration  in  the  comijosition 
of  the  blood  as  the  cause  of  the  degeneration. 

AMYLOID  DEGENERATION  OF  THE  LIVER. 

The  liver  is  one  of  the  most  frequent  seats  of  the 
amyloid  change,  and  here,  as  in  other  j^arts,  it  probably 
commences  in  the  small  nutrient  blood-vessels,  although 
the  alterations  are  much  the  most  marked  in  the  hepatic 
cells.  The  minute  branches  of  the  hepatic  artery  are  first 
affected,  and  from  these  the  infiltration  gradually  extends 
to  the  hepatic  cells  immediately  adjacent,  until  ultimately 
the  whole  organ  may  become  involved. 

If  a  liver  be  examined  in  the  earlier  stages  of  the  affec- 
tion, and  the  iodine  solution  applied  to  thin  washed  sec- 
tions of  the  organ,  it  will  be  found  that  the  characteristic 
staining  is  limited  to  certain  portions  of  the  lobules — viz. 
to  those  which  are  situated  between  their  external  and 
central  parts.  This  intermediate  portion  corresponds 
with  the  distribution  of  the  hepatic  artery,  and  the  rami- 
fications of  this  vessel  together  with  the  hepatic  cells 
situated  in  their  vicinity  are  the  first  to  become  affected. 
(Fig.  18).    As  the  change  advances  the  whole  lobule  may 
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ultimately  become  involved.  The  alterations  in  the  hepatic 
cells  are  verj-  characteristic.    They  are  much  enlarged, 

Fig.  18. 


Amylnid  Liver.  A  portion  of  one  lobule,  showing  the 
enlargement  and  fusion  of  the  hepatic  cells,  and  the  greater 
implication  of  the  intermediate  zone  of  the  lobule.  At  the 
more  external  portion  of  the  lobule  are  seen  several  fat 
cells,  a  certain  amount  of  fatty  infiltration  being  associated 
with  the  amyloid  change,    v.  Hepatic  vera,    x  100. 

irregular  in.  outline,  their  nuclei  are  imperceptible,  and 
many  of  them  are  fused  together  into  irregular-shaped 
masses.    (See  Fig.  17.) 

The  earliest  seat  of  the  amyloid  change  thus  differs 
from  that  of  the  fatty.  In  fatty  iufiltration  it  is  the  most 
external  portion  of  the  lobule  in  which  the  fat  first  accu- 
mulates— that  which  corresponds  with  the  distribution  of 
the  portal  vein.  (See  Fig.  8.)  It  differs  also  from  that 
pigmentation  of  the  hepatic  cells  resulting  from  me- 
chanical congestion,  which  takes  place  in  the  most  central 
portion,  around  the  hepatic  vein.  (See  "  Nutmeg  Liver.") 
Thus  in  each  hepatic  lobule  three  zones  may  be  distin- 
guished : — an  external  one,  which  is  the  chief  seat  of 
the  fatty  change ;  a  central  one,  which  is  the  chief  seat 
of  the  pigmentary  change ;  and  an  intermediate  one,  which 
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is  the  cliief  seat  of  the  amyloid  change.  These  three 
zones,  indeed,  may  frequently  be  recognised  by  the  naked 
eye,  the  pale  opaque  external  one  contrasting  strongly 
with  the  intermediate  one,  which  is  translucent,  and  with 
the  darker  central  one.  In  the  most  advanced  stages 
of  the  disease,  however,  both  the  external  and  central 
portions  of  the  lobule  may  become  involved,  and  the 
cut  surface  present  an  almost  uniformly  homogeneous 
appearance. 

The  amyloid  liver  is  increased  in  size,  often  very  con- 
siderably so ;  it  may  be  so  large  as  almost  completely  to 
fill  the  abdominal  cavity.  The  enlargement  is  uniform, 
and  hence  the  natural  configuration  of  the  organ  is  but 
little  altered.  Its  weight  is  increased,  and  also  its  specific 
gravity.  Its  edge  is  rounded,  the  surface  is  smooth,  and 
the  capsule  appears  tense  and  stretched.  The  consistence 
is  firm  and  elastic.  The  cut  surface  is  dry,  bloodless, 
smooth,  translucent,  and  waxy-looking,  and  of  a  pale 
reddish-grey  or  dirty  yellow  coloiir.  If  the  change  is  very 
far  advanced,  the  tissue  may  be  perfectly  homogeneous, 
all  distinction  between  the  individual  lobules  being  lost. 
In  other  cases  the  lobules  are  distinctly  mapped  out; 
they  are  enlarged,  and  the  external  zone  may  be  of  an 
opaque,  yellowish-white  colour,  owing  to  the  presence  of 
fat.  This  association  of  the  fatty  and  amyloid  changes  is 
exceedingly  common.  Amyloid  infiltration  does  not  ob- 
struct the  portal  circulation,  and  hence  does  not  cause 
ascites.  It  impairs  the  vitality  of  the  hepatic  cells,  and 
thus  interferes  with  the  functions  of  the  organ. 

AMYLOID  DEGENERATION  OF  THE  KIDNETS. 

The  kidneys  are  very  liable  to  be  involved  in  the  amy- 
loid change,  and  here  it  is  the  smaller  blood-vessels  which 
are  more  especially  affected.  It  may  constitute  in  them 
the  primary  lesion,  or  it  may  occur  subseqiiently  to  in- 
flammatory conditions  implicating  the  secreting  and  inter- 
stitial structures.  As  a  primary  change  it  is  an  important 
variety  of  Bright's  disease. 
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Tlie  process  commences  in  the  tufts  of  vessels  which 
form  the  Malpighian  hodies,  the  walls  of  which  become 
thickened  by  the  infiltration  of  the  new  materia,],  so  that 
the  tnfts  are  increased  in  size.  It  then  proceeds  to  the 
small  afferent  arteries,  and  ultimately  to  the  vasa  effe- 
rentia,  and  to  the  arteriole  rectas  which  run  through  the 
medullary  portion  of  the  organ.  The  changes  produced 
in  the  vessels  are  very  characteristic.  Theii' walls  are  con- 
siderably thickened  and  their  calibre  is  so  much  dimi- 
nished that  the   smallest  ones  cannot  be  ariifically 

Fig.  19. 


Amyloid  Degme.ration  of  a  MalivgMan  Tuft  avd  small 
Arteri/  of  the  Kidney.  Showing  tlie  thickening  of  the  walls 
of  the  vussL'l,  the  enlargement  of  the  cells  of  the  circular 
iiuiscukr  coat,  and  the  homogeneous  layer  formed  by  the 
intima  and  longitudinal  muscular  fibres,   x  200,  reduced 

injected.  This  thickening  of  the  walls  of  the  vessels  is 
mainly  owing  to  alterations  in  their  muscular  coat,  and 
especially  to  the  ceils  of  the  circular  muscular  layer. 
These  cells  are  much  increased  in  size,  they  are  more  or 
less  globular  in  shape,  and  many  of  them  have  lost  their 
distinctive  outlines.  The  longitudinal  muscular  fibres  and 
the  most  internal  coat  of  the  vessel  are  often  seen  as  one 
homogeneous,  glistening,  structureless  layer.    (Fig.  19.) 
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After  the  vessels  have  become  infiltrated,  and  before 
those  in  the  pyramids  are  affected,  the  deposition  extends 
to  the  intertubular  tissues  of  the  cortex,  into  which  the 
amyloid  substance  is  poured,  imbedding  the  tubuli  urini- 
feri  in  its  course.  In  some  parts  it  appears  that  the 
exudation  takes  place  into  the  tubes  themselves,  as  the 
casts  which  they  contain  are  occasionally  deeply  stained 
by  the  iodine  solution :  this,  however,  is  far  from  being 
frequently  the  case.  In  the  earlier  stages  of  the  process — 
if  the  organ,  is  not  the  seat  of  any  other  morbid  change — 
the  tubes  and  their  lining  epithelium  present  a  perfectly 
natural  appearance.  Many  of  them  contain  pale  hyaline 
casts,  which  also  appear  in  the  urine.  These,  however, 
are  probably  simply  exudation  products ;  although  from 
the  reaction  they  occasionally  exhibit,  it  appears  that 
they  sometimes  consist  of  the  same  material  as  that 
which  permeates  the  vessels  and  intertubular  structures. 
As  the  change  proceeds,  and  the  new  material  increases 
in  amount,  the  tubes  become  compressed,  and  in  many 
places  completely  obstructed.  If  the  compression  is  not 
uniform,  they  may  dilate  and  form  smaU  cysts.  The 
epithelium,  which  was  at  first  normal,  owing  to  the  in- 
terference with  its  nutrition,  ultimately  atrophies  and 
undergoes  fatty  changes.  In  some  cases  it  appears  to  be 
the  seat  of  a  catarrhal  process,  and  the  tubes  are  found 
blocked  with  the  epithelial  products.  In  the  later  stages 
of  the  process  there  is  almost  invariably  an  increase  in 
the  intertubular  connective  tissue. 

The  first  effect  of  this  change  is  to  obstruct  the  circu- 
lation in  the  cortex.  The  blood-vessels,  diminished  in 
calibre,  allow  httle  but  the  liquor  sanguinis  to  pass 
through  them,  the  passage  of  the  blood-corpuscles  being 
to  a  great  extent  prevented :  hence  the  pallor  of  this 
portion  of  the  organ.  The  arterial  walls  are  so  altered 
that  fluids  and  albumen  readily  permeate  them;  and 
thus  is  produced  the  large  quantity  of  urine,  loaded  with 
albumen,  which  characterises  the  earlier  stages  of  this 
affection.    As  the  infiltration  increases,  and  the  tubes 
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become  obstructed,  the  urine  diminishes  in  quantity.  The 
excretion  of  urea  is  less  interfered  with  than  in  other 
forms  of  Bright's  disease,  and  hence  symptoms  due  to  its 
retention  seldom  occur.  Tube  casts  are  rarely  numerous  ; 
they  are  for  the  most  part  hyaline  or  finely  granular, 
though  sometimes  they  are  covered  with  fatty  epithelium. 

In  the  earUer  stages  of  the  afi"ection,  the  cortex  of  the 
kidney  is  merely  rather  paler  that  natural,  and  perhaps 
somewhat  firmer  in  consistence;  but  otherwise  it  pre- 
sents no  abnormal  appearance.   It  is  only  upon  the  appli- 
cation of  iodine  to  the  cut  surface,  or  to  thin  washed 
sections  of  the  organ,  that  its  diseased  condition  becomes 
evident.    When  this  test  is  employed,  the  Malpighian 
bodies  at  once  become  apparent  as  minute  red  points 
scattered  through  the  cortex.    As  the  disease  advances, 
the  size  of  the  organ  increases  ;  the  enlargement,  how- 
ever, is  principally  confined  to  the  cortex.   The  surface  is 
smooth,  and  the  capsule  separates  readily.    The  enlarged 
cortex  is  remarkably  pale  and  ansemic,  and  has  a  jjecaliar 
translucent,  homogeneous,  wax-like  appearance.    Its  con- 
sistence is  hard  and  firm.    A  few  scattered  vessels  may 
be  seen  on  the  surface,  and  the  bases  of  the  pyramids 
sometimes  exhibit  an  increased  amount  of  vascularity. 
If  iodine  be  poured  over  the  cut  surface,  the  Malpighian 
bodies  and  the  arteries  of  the  coi-tex  become  majoiDed  out 
almost  as  clearly  as  in  an  artificial  injection.  The  enlarged 
Malpighian  bodies  may  indeed  usually  be  seen  as  ghsten- 
ing  points  before  the  iodine  is  applied.    Frequently,  the 
homogeneous  appearance  of  the  cortex  is  interrupted  by 
minute,  opaque,  yellowish-white  lines  and  markings; 
these  are  produced  by  the  fatty  changes  in  the  epithelium 
of  the  tubes,  which  so  commonly  occur  in  the  later  stages 
of  the  afi'ection.    Ultimately  the  capsule  becomes  more 
or  less  adherent,  and  slight  irregular  depressions  make 
their  appearance  upon  the  surface  of  the  organ  :  the 
latter  are  duo  to  atrophic  changes  in  some  of  the  tubes. 
If,  as  is  usually  the  case,  the  infiltration  is  associated 
with  an  increase  in  the  intertubular  connective  tissue,  the 
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atropliy  of  the  organ  will  be  more  marked.  (See  "  Inter- 
stitial Nephritis.") 

AMyLOID  DEGENERATION  OF  THE  SPLEEN. 

Amyloid  degeneration  of  the  spleen  is  met  with  in  two 
forms — one  in  which  the  disease  is  limited  to  the  Mal- 
pighian  corpuscles  ("  Sago  Spleen"),  and  the  other  in 
which  the  pulp  appears  to  be  chiefly  implicated.  The 
former  is  much  the  more  common  condition.  In  it  the 
Malpighian  corpuscles  become  infiltrated  with  the  amyloid 
substance  and  converted  into  translucent  wax-like  bodies, 
much  like  boiled  sago;  hence  its  name.  The  process 
commences  in  the  small  arteries  of  the  corpuscle,  and  it  is 
only  after  these  bave  become  infiltrated  that  it  extends  to 
the  corpuscles  themselves.  The  small  lymphatic  cells  of 
which  the  corpuscle  is  made  up  are  then  involved  in  the 
process,  they  increase  in  size,  become  more  irregular 
in  outline,  many  of  them  coalesce,  and  ultimately  the 
whole  is  converted  into  a  pale,  firm,  translucent,  glistening 
mass.   (Mg.  20.) 

Fig.  20. 


Amyloid  Dcgenemiion  of  the  Spliw—"  Sngo  Spleen."  A 
portion  of  one  of  the  infilti-ated  Malpigliiau  corpuscles  «, 
with  the  adjacent  normal  splenic  tissue  b.  Sliowiuir  the 
increase  in  size  and,  in  many  pn-rts,  the  coalescence  of  the 
cells,  of  which  the  corpuscle  is  composed,    x  2U0. 

The  sago  spleen  is  more  or  less  enlarged ;  its  weight 
and  density  are  also  increased.  The  cut  surface  is  smooth, 
dry,  and  studded  all  over  with  small  glistening  sago-like 
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bodies,  varying  in  size  from  a  millet  to  a  hemp-seed, 
whicli  are  stained  a  reddisli-brown  colour  by  the  iodine 
solution.  These  may  become  so  large  as  to  occupy  a 
large  portion  of  the  organ,  although  in  earlier  stages  of 
the  affection  they  are  so  minute  that  they  can  only  be 
seen  in  thin  sections  of  the  tissue. 

In  the  other  variety  of  amyloid  spleen,  the  pulpy  paren- 
chyma between  the  corpuscles  is  infiltrated  with  the  new 
material.  This  is  probably  merely  an  advanced  stage  of 
the  former  condition,  in  which  the  disease  extends  from 
the  corpuscles  to  the  surrounding  pulp ;  the  whole  organ 
being  ultimately  involved.  Under  these  circumstances 
the  organ  often  attains  a  considerable  size,  much  larger 
than  is  met  with  in  the  sago  spleen.  It  is  remarkably 
hard  and  fii-m,  and  the  capsule  is  tense  and  transparent. 
On  section  it  presents  a  dry,  homogeneous,  translucent, 
bloodless  surface,  of  a  uniform  dark  reddish-brown  colour. 
Thin  sections  can  be  readily  made  with  a  knife,  the  organ 
cutting  like  soft  was.  The  corpuscles  are  not  visible  as 
in  the  former  variety,  being  probably  obscured  by  the 
surrounding  pulp,  which  has  become  so  densely  infiltrated 
with  the  amyloid  substance. 

.    AMYLOID  DEGENEKATION  OP  LYMPHATIC  GLANDS. 

In  the  lymphatic  glands  the  process  much  resembles 
that  in  the  spleen.  The  small  arteries  in  connection  with 
the  folUcles  of  the  gland  are  the  earliest  seats  of  the 
change ;  and  from  these  it  extends  to  the  lymphoid  cells. 
The  follicle  thus  becomes  ultimately  converted  into  a 
small  homogeneous  mass. 

The  glands  are  enlarged,  and  on  section  the  minute 
wax-like  bodies  can  often  be  seen  scattered  through 
the  cortex.  The  cut  surface  is  smooth,  pale,  and  trans- 
lucent. 

As  these  glands  are  largely  concerned  in  the  formation 
of  the  blood-corpuscles,  their  implication  in  the  amyloid 
change  must  to  a  large  extent  aid  in  producing  the 
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emaciation,  and  anasmia  whicli  characterise  this  affection. 
The  same  is  true  of  the  spleen,  which  is  usually 
simultaneously  involved. 

AMTLOID  DEGENERATION  OF  THE  AXIMENTARY  CANAL. 

The  whole  of  the  alimentary  tract  may  be  the  seat  of 
the  amyloid  change,  and  here  it  assumes  an  important 
asj^ect  from  the  deleterious  influence  which  it  exercises 
upon  the  absorbent  and  secreting  processes,  and  from  the 
consequent  impairment  of  the  general  nutrition  which 
results.  The  disease,  however,  in  this  situation  is  very  apt 
to  escape  observation,  as  it  produces  but  little  alteration 
in  the  appearance  of  the  jjarts.  The  mucous  membrane 
may  look  somewhat  pale,  translucent,  and  oedematous, 
but  otherwise  to  the  naked  eye  nothing  is  discoverable. 
It  is  only  upon  the  application  of  iodine  to  the  washed 
mucous  surfaces  that  the  nature  of  the  change  becomes 
apparent.  In  the  small  intestine — which,  is  perhaps  the 
part  most  commonly  affected — the  effect  of  the  applica- 
tion of  iodine  is  very  characteristic.  A  number  of  small 
reddish-brown  points  appear  over  the  whole  surface  of 
the  membrane ;  these  correspond  to  the  intestinal  viUi, 
the  arteries  and  capillaries  of  which  are  infiltrated  with 
the  amyloid  substance.  In  the  stomach  and  oesophagus 
the  vessels  are  mapped  out  in  a  similar  manner  by  the 
iodine  solution.  The  change  in  the  intestine  gives  rise 
to  serous  diarrhoea,  this  being  probably  due  to  an  in- 
creased permeability  of  the  infiltrated  walls  of  the  vessels. 

THE  CORPORA  AMYLACEA. 

The  corpora  amylacea  or  "  amyloid  bodies,"  so  fre- 
quently met  with  in  the  nervous  system,  in  the  prostate, 
and  in  other  parts,  have  usually  been  looked  uj^on  as  more 
or  less  allied  to  the  amyloid  substance ;  there  ajspears, 
however,  with  the  exception  of  a  certain  similarity  in  their 
behaviour  with  iodine  and  sulphuric  acid,  to  be  no  con- 
nection between  them. 
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They  are  round  or  oval  bodies,  formed  of  a  succession 
of  concentric  layers,  and  are  often  changed  to  a  deep  blue 
colour  by  iodine,  thus  bearing  both  in  their  structure  and 
chemical  properties  the  strongest  resemblance  to  granules 
of  vegetable  starch.  (Fig.  21.)  Sometimes,  however, 
the  blue  is  only  exhibited 
after  the  subsequent  addi- 
tion of  sulphuric  acid,  and 
thus  a  resemblance  is  shown 
to  the  amyloid  substance. 
They  vary  in  size  from  mi- 
croscopic granules,  to  bodies 
which  are  distinctly  visible 
to  the  naked  eye ;  sometimes 
being  as  much  as  one  or  two 
lines  in  diameter.  The  larger  ones  are  usually  formed  by 
the  conglomeration  of  the  smaller  granules,  which  are 
often  enclosed  by  a  common  envelope. 

They  occur  especially  in  conditions  of  atrophy  or 
softening  of  the  nervous  system ;  the  ependyma  of  the 
ventricles,  the  white  substance  of  the  brain,  the  choroid 
plexus,  the  optic  nerve  and  retina,  and  the  spinal  cord, 
being  their  favourite  seats.  The  larger  forms  are  met 
with  most  freqiiently  in  the  prostate.  The  prostate  of 
nearly  every  adult  contains  some  of  these  bodies  ;  and 
they  may  accumulate  here  to  such  an  extent  as  to  form 
large  concretions.  They  are  occasionally  met  with  in  the 
lungs,  and  in  mucous  and  serous  membranes. 

As  has  been  said,  they  usually  exhibit  a  bright  blue 
colour  upon  the  application  of  iodine  alone,  although  in 
some  cases  not  until  the  subsequent  addition  of  sulphuric 
acid.  Many  of  them,  however,  are  coloured  green,  or 
even  brown  by  these  reagents.  The  green  is  due  to  their 
admixture  with  nitrogenous  matters,  which  give  a  yellow 
colour  with  iodine,  and  hence  the  combination  yields  a 
green.  The  greater  the  amount  of  nitrogenous  matter 
the  more  brown  does  the  colour  become. 

From  the  laminated  structure  of  these  bodies  they 
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Fig.  21. 


Corjmra  Amy lacem  from  the 
Prostate.  (Virchow.) 
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would  appear  to  be  formed  by  tbe  gradual  precipitation 
of  some  material,  layer  by  layer,  upon  the  surface  of 
pre-existing  particles.  The  nature  of  the  material,  how- 
ever, does  not  appear  to  resemble  that  of  the  substance 
which  infiltrates  the  organs  in  amyloid  degeneration. 
The  two  processes  are  so  essentially  different,  both  in  the 
circumstances  under  which  they  occur  and  in  the  cha- 
racters and  seat  of  the  morbid  products,  that  they  cannot 
be  looked  upon  as  in  any  way  analogous.  Amyloid 
degeneration  is  a  general  change,  in  which  numerous 
organs  become  infiltrated  with  an  albuminoid  substance, 
whereas  the  formation  of  the  corpora  amylacea  is  evi- 
dently of  a  local  nature.  The  latter  is  often  preceded 
by  those  local  atrophic  changes  associated  with  advanced 
life,  and  appears  to  consist  in  the  deposition  of  some 
starch-Hke  material,  probably  liberated  in  the  tissues 
themselves,  upon  any  free  body  which  may  exist  in  its 
vicinity. 

The  corpora  amylacea,  especially  those  occurring  in 
the  choroid  plexus  and  in  the  lateral  ventricles,  are  very 
liable  to  become  calcified,  and  they  then  constitute  one 
form  of  "  brain  sand,"  which  is  so  often  met  with  in  these 
situations. 


CHAPTER  VIIT. 


CALCAEEOUS  DEGENEEATION. 

Calcareous  Degeneration — or,  as  it  is  more  commonly 
called,  Calcification — consists  in  tlie  infiltration  of  the 
tissues  with  calcareous  particles.  Physiologically,  an  in- 
filtration of  calcareous  particles  takes  place  in  the  forma- 
tion of  bone,  in  which  lime  and  magnesian  salts  are  depo- 
sited in  the  fibrous  or  cartilaginous  matrix.  This  physio- 
logical is  precisely  similar  to  the  pathological  process.  It 
is  important,  however,  to  distinguish  simple  calcification 
from  ossification.  In  the  latter  there  is  not  only  a  depo- 
sition of  lime  salts,  but  an  active  change  in  the  tissue 
itself — a  proliferation  of  the  cellular  elements,  an  intimate 
union  of  the  calcareous  matters  with  the  tissue,  and  the 
formation  of  a  true  osseous  structure  in  which  the  cal- 
careous particles  are  not  visible.  Calcification,  on  the 
other  hand,  is  a  purely  ^passive  process,  there  is  no  in- 
creased nutritive  activity  of  the  part,  no  multiphcation 
of  elements,  no  alteration  of  the  structure,  but  merely  an 
infiltration  with  calcareous  particles. 

An  infiltration  and  deposition  of  calcareous  substances 
occurs  under  two  opposite  conditions ;  one — in  which 
there  is  an  absolute  increase  in  the  amount  of  these  con- 
stituents in  the  blood,  and  a  portion  of  the  excess  becomes 
deposited  in  the  tissues  ;  the  other — in  which  there  is  no 
such  increase ;  but  the  deposition  takes  place  owing  to 
some  alteration  in  the  tissue  itself. 

An  absolute  increase  of  the  saline  constituents  in  the 
blood,  and  the  deposition  of  the  excess  in  the  tissues,  is 
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mucli  the  less  frequent  form  of  calcification.  It  occurs  in 
some  forms  of  softening  of  bone,  especially  in  extensive 
caries  and  osteomalacia.  In  these  diseases  the  lime  salts 
are  removed  from  the  bone,  returned  into  the  blood,  and 
some  of  them  deposited  in  other  tissues.  In  such  cases 
the  calcification  is  usuallj-  more  or  less  general — many 
organs  being  simultaneously  involved.  In  osteomalacia, 
it  is  not  uncommon  to  find  the  kidneys,  the  lungs,  the 
stomach,  the  intestines,  and  even  the  dura  mater  and 
Hver,  infiltrated  to  a  greater  or  less  extent  with  Hme  salts. 
The  deposition  commences  in  the  tissue  immediately 
surrounding  the  blood-vessels  from  which  the  calcareous 
matters  are  derived ; — thus,  in  the  lungs,  the  seat  of  the 
change  is  the  interlobular  tissue ;  in  the  stomach,  the 
stroma  between  the  glands  ;  and  in  the  kidney,  the  tubuli 
nriniferi  and  the  interttibular  tissue.  Precisely  analogous 
to  this  form  of  calcification  is  the  deposition  of  the 
excess  of  urate  of  soda  which  takes  place  in  gout. 

In  the  great  majority  of  cases,  however,  calcification  is 
a  local  change,  dejpending  not  upon  any  alteration  in  the 
composition  of  the  blood,  but  upon  changes  in  the  tissues 
themselves,  owing  to  which  some  of  the  saline  matters 
which  are  normally  held  in  solution  in  the  blood  are  de- 
posited in  them.  The  alteration  in  the  tissues  consists 
in  some  impairment  of  their  ntitrition,  associated  with  a 
diminution  in  their  amount  of  blood,  and  a  retardation  of 
its  circulation.  All  those  conditions  which  tend  to  pro- 
duce atrophic  and  retrogressive  changes  in  a  part,  and  at 
the  same  time  to  interfere  with  the  circulation  in  it,  are 
liable  to  be  followed  by  its  calcification.  Inflammation, 
diminished  nutritive  supply,  and  general  impau-ment  of 
vitahty,  may  all  of  them  give  rise  to  this  ]3rocess.  This 
is  seen  in  the  calcification  of  atheromatous  arteries,  of 
caseous  masses  in  the  lungs  and  lymphatic  glands,  of 
many  new  formations,  and  of  the  blood-vessels  and  car- 
tilages in  old  people.  In  its  morbid  antecedents  calcifi- 
cation thus  somewhat  resembles  fatty  degeneration,  and 
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its  pathological  signification  is  in  many  cases  equally  diffi- 
cult to  determine.  Tatty  degeneration  indeed  very  fre- 
quently precedes  tlie  calcification,  whicli  is  merely  a  later 
stage  of  the  retrograde  process. 

Eespecting  the  cause  of  the  deposition  of  the  calca- 
reous substances  in  the  atrophied  structures — it  is  pro- 
bably partly  owing,  as  stated  by  Eindfleisch,  to  the 
stagnation  of  the  nutritive  fluids  in  the  part,  owing  to 
which  the  free  carbonic  acid  which  appears  to  hold  the 
salts  in  solution,  escapes,  and  they  are  consequently 
precipitated ;  and  partly  to  the  non-assimilation  of  these 
fluids  by  the  degenerated  elements  of  the  tissue. 

The  calcareous  particles  make  their  appearance  both 
within  the  cells  and  in  the  intercellular  substance ;  they 
are  much  more  frequent,  however,  in  the  latter  situation. 
They  are  seen  at  first  as  fine  molecules  scattered  irregu- 
larly through  the  intercellular  substance.     (Fig.  22.) 

Fig.  22. 


A  Calcified  Sarcomatous  Tumour.  Showing  the 
minute  calcareous  particles  scattered  through  the 
intercellular  substance.  To  the  left  of  the  figure 
they  are  so  abundant  as  to  almost  completely  ob- 
scm-e  the  cells,    x  200. 


They  are  characterised,  when  viewed  by  transmitted 
light,  by  their  opacity,  dark  black  colour,  and  irregular 
outline,  and  also  by  their  solubility  in  dilute  mineral 
acids.    They  gradually  increase  in  number  until  ulti- 
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mately  large  tracts  of  tissue  may  be  converted  into  an 
opaque  calcareous  mass,  in  which  the  cells  are  enclosed 
and  can  no  longer  he  recognised.  These  larger  masses 
have  a  sharp  black  irregular  outline,  and  as  the  calcifica- 
tion becomes  complete,  acquire  a  homogeneous,  glistening, 
semi-transparent  appearance.  The  cells  themselves  are 
much  less  frequently  infiltrated,  being  usually  merely 
enclosed  and  obscured  by  the  calcified  intercellular  sub- 
stance. Calcareous  particles  may,  however,  mate  their 
appearance  in  the  protoplasm,  and  gradually  increas- 
ing convert  the  cell  into  a  homogeneous  calcareous 
body. 

The  calcareous  matters  consist  for  the  most  part  of 
lime  and  magnesian  salts,  especially  the  phosphates  and 
carbonates.  If  the  latter  are  present,  the  addition  of  a 
little  dilute  hydrochloric  acid  is  followed  by  the  appear- 
ance of  numerous  minute  air  bubbles  in  the  tissue,  owing 
to  the  liberation  of  carbonic  acid.  In  those  cases  in  which 
calcification  is  associated  with  retained  gland  secretions, 
the  calcareous  matters  will  consist  of  the  specific  gland 
salts. 

A  part  which  has  become  calcified  undergoes  no 
further  change,  its  vitality  is  completely  destroyed,  and 
it  remains  as  an  inert  mass.  In  this  respect  calcareous 
differs  from  fatty  degeneration.  In  the  latter,  subsequent 
changes  invariably  take  place  ;  the  part  either  softening, 
caseating,  or  becoming  the  seat  of  calcification  itseK.  It 
differs  also  in  its  effect  upon  the  tissue.  The  structure 
of  the  affected  part  is  not  destroyed,  and  there  is  no 
annihilation  of  histological  elements,  such  as  occurs  in 
fatty  degeneration.  The  tissue  is  simply  impregnated 
with  calcareous  matters,  which  have  no  other  effect  upon 
it  than  to  render  it  inert ;  its  vitaHty  is  destroyed,  but  its 
structure — in  so  far  as  the  calcification  is  concerned — 
remains  unaltered.  If  the  saline  matters  are  dissolved 
out  with  a  little  dilute  mineral  acid,  the  structure  of  the 
part  may  be  again  recognised,  unless,  indeed — as  is  so 
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often  the  case— it  lias  been  destroyed  by  any  antecedent 
change. 

Calcification  must  thus  be  looked  upon  in  many  cases 
as  a  salutary  lesion,  the  impregnation  with  calcareous 
matters  preventing  subsequent  changes  in  the  part.  This 
is  especially  the  case  when  it  is  secondary  to  other  forms 
of  degeneration.  It  is  often  the  most  favourable  termi- 
nation of  the  large  class  of  fatty  changes,  as  is  exempli- 
fied by  the  calcification  of  caseous  products  in  the  lungs, 
and  of  many  new  formations.  It  may,  on  the  other  hand, 
under  certain  circumstances,  be  attended  with  most  dele- 
terious consequences,  as  is  the  case  when  it  affects  the 
arterial  system. 

CALCIFICATION  OF  AUTERIES. 

Calcification  of  arteries,  like  fatty  degeneration,  may 
be  a  primafry  or  secondary  afi"ection.  As  a  secondary 
change  it  constitutes  one  of  the  terminations  of  the  athe- 
romatous process,  and  as  such  is  constantly  met  with  in 
the  aorta  and  its  branches,  and  in  many  other  situations. 
(See  "Atheroma.") 

Primary  calcification  is  much  less  frequent  than  that 
which  occurs  in  atheromatous  vessels.  It  is  essentially  a 
senile  change,  and  is  the  result  of  that  general  impair- 
ment of  vitahty  which  exists  in  advanced  life.  It  is  asso- 
ciated with  atrophy  of  the  arterial  tissues,  and  in  some 
cases  with  fatty  degeneration.  As  it  is  greatly  dependent 
upon  general  malnutrition,  the  change  is  a  more  or  less 
general  one,  and  when  occurring  in  one  part  is  met  with 
in  others.  It  usually  occurs  in  vessels  of  medium  size, 
the  arteries  of  the  upper  and  lower  extremities  and  of  the 
brain  being  those  most  commonly  affected.  Its  most 
common  seat  is  the  middle  coat,  where  it  commences  in 
the  muscular-fibre  cells.  The  calcareous  particles  make 
their  appearance  at  first  around  and  within  the  nucleus, 
and  gradually  increase  until  they  fill  the  cell,  which  be- 
comes converted  into  a  small  calcareous  flake.   The  pro- 
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ceas^  may  go  on  until  the  muscular  coat  is  completely 
calcified,  or  it  may  be  limited  to  isolated  portions  of  the 
coat,  giving  rise  to  numerous  calcareous  rings  and  plates 
which  are  irregularly  distributed  throughout  it.  From 
the  muscular,  it  may  extend  to  the  external  and  in- 
ternal coats  until  ultimately  the  vessel  becomes  calcified 
throughout. 

The  vessel  thus  calcified,  loses  its  elasticity  and  con- 
tractihty;  its  lumen  is  diminished,  and  it  is  transformed 
into  a  hard,  rigid,  brittle  tube.  This  condition  is  common 
in  the  external  ihac  and  in  the  vessels  of  the  lower  ex- 
tremity, where  it  is  a  frequent  cause  of  senile  gangrene. 
(See  "  Senile  Gangrene.") 


CHAPTER  IX. 

PIGMENTAET  DEGENEEATIOK 

PiGMENTABY  Degeneration,  or  Pigmentation,  consists  in 
an  abnormal  formation  of  pigment  in  the  tissues.  All 
true  pigments  are  derived  from  the  colouring  matter  of 
the  blood.  Physiologically,  many  of  them  are  eHminated 
by  the  kidneys  and  liver ;  others  are  deposited  in  the 
tissues  and  there  remain  parmanent.  The  choroid  coat 
of  the  eye  and  the  skin  of  the  negro,  are  well-known 
examples  of  tissues  in  which  there  is  this  permanent 
accumulation  of  pigment.  The  cells  in  these  situations 
appear  to  be  endued  with  a  special  power  to  abstract  the 
colouring  matters  from  the  blood,  and  to  store  them  up 
in  their  interior,  where  they  undergo  certain  chemical 
changes  and  become  converted  into  pigment. 

In  the  pathological  process  also,  the  pigment  is  derived 
from  the  same  source,  although  its  presence  in  the  tissues 
is  rarely  dependent  upon  any  abnormal  secreting  powers 
in  their  cellular  elements,  but  is  usually  the  result  of 
certain  changes  in  the  circulation  or  in  the  blood-vessels, 
owing  to  which  the  colouring  matter  of  the  blood  escapes 
and  infiltrates  the  surrounding  parts.  This  escape  of 
haemoglobin  may  be  owing  to  rupture  of  the  vessels 
themselves,  or  to  conditions  of  congestion  or  stasis  in 
which  the  blood-corpuscles  and  liquor  sanguinis  pass 
through  their  walls.  In  either  case  the  hemoglobin  will 
permeate  the  tissues  and  ultimately  be  converted  into 
pigment.  Rupture  of  the  vessels  and  the  direct  extrava- 
sation of  blood,  is,  however,  the  most  common  antecedent 
of  the  pigmentary  change.    Soon  after  the  extravasation 
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has  taken  place,  the  haamoglobin  escapes  from  the  red 
blood-corpuscles,  either  by  exudation  or  by  destruction 
of  the  corj)uscle,  and  mixed  with  the  liquor  sanguinis, 
mliltrates  the  surrounding  tissues.  The  red  blood-cor- 
puscles themselves  may  also  penetrate  the  adjacent  cells 
(Langhans).  In  other  cases  the  process  takes  place  with- 
out any  solution  of  continuity  in  the  walls  of  the  vessel. 
This  frequently  occurs  in  conditions  of  inflammatory 
stasis  and  mechanical  congestion,  in  which  the  red  cor- 
puscles pass  through  the  walls  of  the  capillaries,  and 
some  of  the  ha3moglobin  is  also  liberated  from  the  cor- 
puscles withia  the  vessels,  from  which  it  transudes,  dis- 
solved in  the  liquor  sanguinis,  without  rupture  having 
taken  -place.  In  whichever  of  these  ways  the  hemoglobin 
is  derived,  it  infiltrates  the  tissues,  staining  both  the  cells 
and  the  intercellular  substance  a  yellowish  or  brownish- 
red  colour.  It  is  taken  up,  however,  more  readily  by 
the  cells  than  by  the  intercellular  substance  or  by  mem- 
branous or  fibrous  structures. 

After  the  hsemoglobin  has  remained  in  the  tissue  for 
some  length  of  time,  it  undergoes  certain  changes : — It 
becomes  darker  and  more  or  less  granular,  minute  red- 
dish-brown or  black  granules  and  crystals  make  their 
appearance  both  in  the  cells  and  in  the  intercellular  sub- 
stance, and  these  may  gradually  increase  and  form  larger 
masses.  This  change  in  the  extravasated  hemoglobin  is 
a  chemical  one,  and  the  substance  into  which  it  is  con- 
verted is  hcematoidin.  Heematoidin  aj)pears  to  be  closely 
allied  to  tlie  colouring  matter  of  the  bile,  choleinjrrJiin, 
which  is  also  a  derivative  of  htemoglobin.  It  exhibits 
similar  reactions  when  treated  with  concentrated  mineral 
acids,  displaying  the  same  variations  of  green,  blue,  rose, 
and  yellow  colours.  It  is  insoluble  in  water,  alcohol, 
ether,  and  in  dilute  mineral  acids  and  alkalies  ;  it  is 
soluble  in  the  caustic  alkalies  giving  a  red  colour.  It 
contains  more  carbon  than  hasmoglobin ;  and  it  also  con- 
tains iron. 

The  granules  of  hajmatoidin  vary  in  size  from  the 
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smallest  particles  to  masses  as  large  as  a  red  blood-cor- 
puscle. (Fig.  23.)  The  larger  ones  are  round,  or  more 
commonly  irregular  in  shape,  and  have  a  sharp  defined 
horder.  Their  colour  varies  from  yellow,  red,  and  brown, 
to  black.  These  variations  appear  to  depend  upon  the 
age  of  the  granules  and  the  tissue  in  which  they  are 
formed;  the  older  they  are  the  blacker  they  become. 
The  smaller  granules  are  usually  dull  and  opaque ;  the 
larger  ones,  however,  often  present  a  more  or  less  glisten- 
ing appearance.  The  crystals  of  hEematoidin  are  opaque 
rhombic  prisms,  usually  of  a  beautiful  yellowish-red  or 
ruby-red  colour,  sometimes  approaching  to  brown  or 

Fig.  23  Fig.  24. 


CeUa  containing  pigment.  Hcematoidin  crystals. 

From  a  melanotic  sarcoma  (Vii'cliow.) 
of  the  liver,    x  350. 


black.  They  may  also  occur  as  little  plates  and  fine 
needles,  but  these  are  less  common  forms.  (Fig.  24.)  They 
are  in  most  cases  so  small  that  considerable  care  is  re- 
quired to  recognise  their  crystalline  nature  under  the 
microscope,  and  they  may  easily  be  overlooked  as  merely 
irregular  granular  masses.  Id  some  cases,  however,  they 
attain  a  larger  size.  They  are  more  or  less  transparent, 
and  present  a  shining  strongly  refracting  surface. 

Whether  the  hfemoglobin  is  converted  into  granular  or 
crystalline  hajmatoidin  appears  partly  to  depend  upon 
the  tissue  in  which  it  is  situated,  the  crystals  being  ex- 
ceedingly common  in  some  situations,  as  in  the  brain  and 
ovaries,  whereas  in  others,  as  mucous  membranes,  only 
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tlie  gramiles  are  met  with.  Both  the  granules  and 
crystals  are  characterised  by  their  durability  and  by  their 
great  powers  of  resistance ;  when  once  formed  they 
undergo  no  further  change. 

Those  forms  of  pigment — ^both  gramilar  and  crystal- 
line— which  are  of  an  intensely  black  colour,  have  been 
supposed  to  consist  of  a  substance  which  differs  in  che- 
mical composition  from  hsematoidin,  and  which  has  been 
called  melanin.  There  appears,  however,  to  be  no  foun- 
dation for  such  a  distinction.  Melanin  is  probably  merely 
htematoidin,  which  has  become  more  or  less  altered  by 
age.  It  is  endued  with  greater  powers  of  resistance,  being 
less  readily  soluble  in  reagents  than  the  more  recently 
formed  haamatoidin,  and  it  contains  more  carbon. 

Pigmentation,  although  one  of  the  most  common  and 
universal  forms  of  degeneration,  is  of  comparatively  little 
importance  as  a  morbid  process.  The  mere  existence  of 
pigment  within  and  between  the  histological  elements  of 
the  tissues,  has  in  itself  but  little  influence  upon  their 
vitality  and  functions.  The  atrophy  and  impairment  of 
function  which  so  frequently  accompany  it,  must  rather 
be  looked  upon  as  the  result  of  those  conditions  upon 
which  the  formation  of  the  pigment  depends,  than  as  in 
any  way  owing  to  the  presence  of  the  pigment  itself. 

A  s  evidence  of  other  antecedent  conditions,  pigmentation 
assumes  a  more  important  aspect.  The  pigment  being 
derived  from  extravasated  hgemoglobin,  in  whatever  situa- 
tions it  occurs,  it  is  usually  to  be  looked  upon  as  the  result 
of  some  alteration  in  the  circulation  or  in  the  blood-vessels, 
owing  to  which  the  escape  of  the  colouring  matter  is  per- 
mitted. Exceptions  to  this  exist,  however,  in  the  case  of 
certain  pigmented  new  formations,  in  which  the  presence 
of  the  pigment  appears  to  be  mainly  owing  to  the  selective 
power  of  the  cells ;  these,  like  those  of  the  choroid,  sepa- 
rating the  colouring  matter  from  the  blood.  It  is  those 
growths  which  originate  in  tissues  normally  containing 
pigment,  as  the  choroid  and  rete  mucosum,  which  are 
most  frequently  melanotic.    (See  "  Melanotic  Sarcoma.") 
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In  Melaneemia,  again,  tlie  large  quantities  of  pigment 
wliicli  exist  in  the  blood,  are  the  result  of  a  local  formation 
— for  the  most  part  by  the  spleen.  Lastly,  in  Addison's 
disease,  the  pathology  of  the  pigmentation  of  the  skin  is 
at  present  involved  in  obscurity. 

Pigment  is  often  the  only  evidence  of  a  former  ex- 
travasation. This  is  frequently  the  case  in  cerebral 
hgemorrhage,  where  the  crystals  of  hsematoidin  may  be 
all  that  remains  to  indicate  that  rupture  of  the  capillai-ies 
has  taken  place.  In  the  ovaries,  also,  the  sUght  hsemor- 
rhage  which  follows  the  escajDC  of  the  ovum  at  each  men- 
strual period,  is  marked  by  the  formation  of  pigment 
which  constitutes  the  "  corpus  lateum."  In  mechanical 
congestion  and  inflammation,  again,  the  consequent  pig- 
mentation may  be  the  principal  evidence  of  the  former 
existence  of  these  conditions  :  this  is  especially  seen  in 
pigmentation  of  the  mucous  membrane  of  the  stomach 
and  intestines.  The  formation  of  pigment  is  thus,  with 
the  few  exceptions  above  named,  the  result  of  some  ante- 
cedent change  in  the  blood-vessels  or  circulation  ;  and  its 
presence  in  the  tissues  appears  to  be  little  more  than  a 
testimony  to  the  existence  of  those  processes  upon  which 
its  formation  depends. 

False  Pigmentation. — There  are  certain  forms  of  dis- 
coloration of  the  tissues  which  are  not  due  to  the  presence 
of  hsematoidin :  these  must  be  distinguished  from  true 
pigmentation.  The  most  important  of  them,  and  that 
which  is  most  closely  allied  to  the  process  already  de- 
scribed, is  the  staining  of  the  tissues  with  the  colouring 
matter  of  the  bile,  which  is  itself  a  derivative  of  hsemo- 
globin,  and  is,  as  before  stated,  very  analogous  to  hgema- 
toidin.  This  yellow  staining  may  aifect  nearly  all  the 
tissues,  constituting  "jaundice;"  or  it  may  occur  in  the 
liver  alone,  from  local  obstructions  to  the  small  bile-ducts, 
as  is  often  seen  in  cirrhosis  of  that  organ.  In  these  cases, 
however,  there  is  merely  the  staining  of  the  tissues  with 
the  colouring  matter  of  the  bile,  and  no  subsequent  con- 
version of  this  into  pigment. 
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The  discoloration  caused  by  the  long-continued  use  of 
the  salts  of  silver  must  also  be  distinguished  from  true 
pigmentation  :  the  colour  here  is  due  to  the  deposition  of 
the  silver  in  the  tissues.  The  black  colour  of  gangrenous 
parts,  and  that  sometimes  produced  by  the  effusion  of 
large  quantities  of  blood  into  the  tissues,  must  again  not 
be  confounded  with  pigmentation.  The  discoloration  in 
these  cases  is  the  result  of  the  action  of  the  sulphuretted 
hydrogen  upon  the  colouring  matter  of  the  blood.  The 
greenish-black  discoloration  so  often  seen  on  the  surface 
of  the  liver,  kidneys,  and  other  abdominal  organs  after 
death,  is  in  the  same  manner  due  to  the  intestinal  gases. 
Lastly,  the  mimite  particles  of  inhaled  carbon  which  are 
always  met  with  in  the  lungs,  must  be  distinguished  from 
true  pigment. 

PIGMENTATION  OF  THE  LUNGS. 

In  no  organs  is  pigment  met  with  so  frequently  and  in 
such  large  quantities  as  in  the  lungs,  and  here  much  dis- 
cussion has  arisen  as  to  its  nature  and  origin.  The  lungs 
normally  contain  more  or  less  black  pigment,  the  amount 
of  which  gradually  increases  with  advancing  age — the 
lungs  of  infants  and  young  children  being  almost  free 
from  it,  whereas  those  of  adults  invariably  contain  it  in 
considerable  quantities. 

This  normal  pigmentation  of  the  lungs  is  principally 
due  to  the  presence  of  carbon,  and  not  to  that  of  true 
hsematoidin-pigment.  The  carbon — which  is  derived  from 
the  incomplete  combustion  of  wood,  coal,  and  other  sub- 
stances, and  is  always  present  in  varying  quantities  in 
the  atmosphere — is  inhaled,  and  the  minute  particles  pass 
into  the  finest  bronchial  tubes.  Having  entered  the 
bronchi,  many  of  them  are  taken  up  by  the  mucus- 
corpuscles,  where  they  may  be  seen  as  small  black  gra- 
nules within  the  cells.  These  may  readily  be  observed 
in  the  cells  of  the  greyish-black  s]Dutum  which  is  so  fre- 
quently expectorated  in  the  early  morning.  Much  of  the 
carbon  thus  inhaled  is  eliminated  by  expectoration ;  many 
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of  the  particles,  however,  pass  into  the  air-vesicles,  and 
here  theii-  removal  by  this  means  being  less  readily 
effected,  they  gradually  penetrate  the  pulmonary  sub- 
stance, and  make  their  way  into  the  alveolar  walls  and 
interlobular  tissue.  It  is  in  these  situations  that  most 
of  the  pulmonary  pigment  is  found,  and  there  it  may  be 
seen  either  within  the  connective  tissue-cells,  or  lying 
free  amongst  the  fibres.    (Fig.  25.) 


Fig.  25. 


Pigmentation  of  the  Lung.  From  a  woman,  set.  sixty-five,  with 
slight  emphysema.  Showing  the  situation  of  the  pigment  in  the 
alveolar  walls,  and  around  the  blood-vessel  v.    x  76. 

The  means  by  which  the  particles  of  carbon  penetrate 
the  walls  of  the  air-vesicles,  and  make  their  way  into  the 
inter- alveolar  tissue,  has  recently  been  explained  by  the 
researches  of  Dr.  Klein  on  the  histology  of  the  lungs.* 
Dr.  Klein  finds  that  the  branched  connective-tissue  cells 
of  the  alveolar  walls  send  a  process,  or  a  greater  or  less 
portion  of  their  body,  between  the  epithelial  cells  of  the 
alveolus  into  the  alveolar  cavity.   As  these  connective- 


"  On  the 
Dr.  E 


;  On  the  Anatomy  of  the  Lymphatic  System  of  the  Lunge,"  by 
i.  Klein.    "ProceedingB  Royal  Society,"  No.  149.  1874. 
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tissue  cells  lie  in  the  serous  canals  wliicli  constitute  the 
commencement  of  the  perivascular  lymphatics,  it  is  easy 
to  understand  how  these  openings  in  the  alveolar  walls 
(pseudostomata)  may  become  sufficiently  distended  to  allow 
cells  and  other  substances  to  pass  through  them  from  the 
alveolar  cavity  into  the  inter-alveolar  tissue. 

"When  once  the  carbon  has  made  its  way  into  the  inter- 
lobular tissue,  some  of  it  is  taken  up  by  the  fixed  cells  in 
this  situation,  whilst  that  which  is  not  thus  detained, 
passes  on  to  the  lymphatics,  and  is  deposited  in  the 
bronchial  lymphatic  glands,  where  the  black  particles  are 
also  visible. 

Closely  allied  to  this  physiological  pigmentation  of  the 
lung  from  the  inhalation  of  carbon,  are  those  morbid  con- 
ditions which  result  from  the  inhalation  of  particles  of 
coal,  stone,  iron,  and  other  substances,— of  which  the 
lungs  of  miners,  stonemasons,  and  grinders  afford  fre- 
quent examples.  Here  also  minute  particles  enter  the 
bronchi,  penetrate  the  walls  of  the  alveoli,  and  are  de- 
posited principally  in  the  interstitial  tissue.  In  the 
case  of  miners— in  which  this  is  most  common— the  par- 
ticles of  coal  enter  the  lungs  in  such  large  quantities  as 
to  give  to  them  a  uniform  dark  black  colour.  In  stone- 
masons, grinders,  &c.,  the  lungs  also  become  deeply 
pigmented,  although  to  a  less  extent  than  those  of 
miners. 

The  black  colour  of  the  lungs  in  these  cases,  however,  is 
not  entirely  due  to  the  presence  of  the  inhaled  substances, 
but  partly  to  that  of  true  hasmatoidin-pigmeut.  The  in- 
halation of  the  irritating  particles  sets  up  inflammatory 
changes  in  the  bronchi  and  pulmonary  tissue,  causmg 
chronic  bronchitis,  chronic  lobular  pneumonia,  and  a  large 
increase  in  the  fibrous  tissue  of  the  lungs,  which  thus 
ultimately  become  consolidated,  excavated,  tough,  and 
fibrous.  ("  Colliers"  and  "  Knife-grinders'  Phthisis,"  &c.) 
Owing  to  these  structural  changes  there  is  a  considerable 
escape  of  colouring  matter,  either  from  rupture  of  the 
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capillavies  or  transudation  of  serum,  and  hence  a  large 
formation  of  true  pigment ;  and  to  this  true  j)igment 
much  of  the  dark  colour  of  these  lungs  must  undoubtedly 
be  ascribed.  The  lungs  of  stonemasons  and  grinders  are, 
like  those  of  miners,  deeply  pigmented,  although  to  a  less 
degree,  but  the  black  colour  in  the  former  cases  cannot  be 
entirely  accounted  for  on  the  supposition  that  it  is  due  to 
the  presence  of  inhaled  particles. 

Pigmentation  of  the  lungs  from  the  presence  of  hsema- 
toidin  occurs  as  the  result  of  many  other  morbid  condi- 
tions, many  diseases  of  these  organs  being  attended  by 
the  formation  of  pigment.  In  chronic  johthisis,  pigmen- 
tation occurs,  partly  as  the  result  of  the  inflammatoiy 
process,  and  partly  from  the  obstruction  of  the  vessels 
caused  by  the  new  growth  : — lines  of  pigment  are  con- 
stantly seen  surrounding  the  nodules  of  consolidation. 
In  acute  croupous  pneumonia,  the  blood  which  is  extra- 

FiG.  26. 


CeUs  from  the  spntum  of  acute  Bronchitis.  Showing 
the  minute  granules  of  pigment  within  the  cells. 
Some  of  the  cells  also  contain  a  few  fatty  mole- 
cules.   X  400. 

vaaated  into  the  air-vesicles,  and  which  in  the  early  stages 
gives  to  the  expectoration  a  rusty  or  prune-juice  colour, 
subsequently  becomes  converted  into  pigment,  and  the 
sputum  becomes  of  a  greyish-black ;  the  pigment  granules 
being  visible  in  the  newly  formed  cells.  The  cells  met 
with  in  the  sputum  of  bronchitis  also  contain  granules  of 
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pigment  (Fig.  26) ;  and  pigmentation  plays  an  important 
part  in  the  condition  of  the  lungs  known  as  brown  indu- 
ration.   (See  "  Brown  Induration  of  the  Lungs.") 

Pigment  in  the  lung  usually  occurs  as  black  irregular 
granules  ;  it  is  rarely  met  with  in  a  crystalline  form.  In 
all  cases  in  which  it  is  found  in  any  quantity  in  the  lung 
it  is  also  found  in  the  bronchial  glands.  It  is  taken  up 
by  the  lymphatics  and,  like  the  inhaled  carbon,  it  becomes 
arrested  in  its  passage  through  these  glands,  where  it 
remains  permanently. 


CHAPTER  X. 


TISSUE-CHANGES  IN  PYEEXIA. 

It  is  proposed  in  the  present  chapter  to  allude  very 
briefly  to  those  alterations  ia  the  tissues  which  are  met 
•with  in  certain  pyrexial  diseases,  to  -which  have  been 
applied  the  terms  "  parenchymatous"  or  "  granular  dege- 
neration," "  albuminous  infiltration,"  "acute,"  or  "  cloudy 
swelling." 

It  is  well  known  that  in  most  diseases  which  are  accom- 
panied by  a  considerable  elevation  of  the  bodily  tempe- 
rature, and  especially  in  those  in  which  the  blood  has 
undergone  marked  changes,  the  organs  aud  tissues  are 
found  much  altered  after  death.  The  diseases  in  which 
such  alterations  are  most  frequently  met  with  are  pygemia, 
erysipelas,  typhus,  typhoid,  and  other  acute  specific  fevers, 
and  acute  rheumatism.  They  also  occur  in  other  diseases 
which  are  attended  by  considei-able  pyrexia;  and  the 
amount  of  tissue-alteration  usually  bears — coiteris  paribus 
— a  direct  relation  to  the  amount  of  the  pyrexia.  The 
organs  in  which  the  alterations  are  more  especially  marked 
are  the  liver,  the  kidneys,  the  heart  and  muscles,  and  the 
lungs. 

The  physical  characters  of  the  altered  organs  vary.  It 
may,  however,  be  stated  generally  that  the  organs  are 
more  or  less  swollen  and  opaque,  somewhat  diminished  in 
consistence,  and  abnormally  friable.  Their  vascularity  is 
in  some  cases  diminished,  in  others  slightly  increased. 
When  examined  microscopically,  the  cellular  elements  are 
found  to  be  increased  in  size,  and  their  protoplasm 
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markedly  granular,  so  that,  in  some  cases,  the  nucleus  is 
so  much  obscured  as  to  be  indistinguishable.  (Fig.  27.) 
The  granular  condition  of  the  protoplasm  appears  in 


Fig.  27. 


Liver  from  a  case  of  Acute  Sheumatism  with 
Jiigh  Temperature.  Showing  the  swollen  and 
granular  condition  of  the  liver-cells.  In  many 
of  the  cells  the  nucleus  is  so  much  obscured 
as  to  be  almost  indistinguishable,    x  200. 


most  cases  to  be  due  to  albuminous  particles,  inasmuch 
as  it  disappears  upon  the  addition  of  dilute  acetic  acid. 
In  other  cases,  however,  in  which  the  change  is  apparently- 
more  advanced,  the  granules  are  larger,  insoluble  in  acetic 
acid,  and  obviously  fatty. 

The  Liver. — Here  the  change  is  usually  met  with  in  its 
most  marked  degree.  The  organ  is  slightly  enlarged, 
abnormally  soft  and  friable,  and  the  cut-surface  has  a 
dull  opaque  look,  being  paler  than  natural.  The  liver 
cells  are  swollen  and  granular,  and  in  many  cases  contain 
fatty  particles.    (See  Fig.  27.) 

The  Kidneys. — In  the  kidneys  the  change  affects  espe- 
cially the  cortex.  This  is  swollen,  opaque,  and  friable. 
The  Malpighian  bodies  and  the  pyramids  are  usually 
abnormally  vascular,  and  thus  contrast  with  the  pale 
cortex.  The  epithelium  in  the  tubes  of  the  cortex  pre- 
sents the  appearances  above  described.   These  are  pre- 
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cisely  similar  to  those  met  with  in  the  earlier  stages  of 
tubal  nephritis.    (See  Fig.  104.) 

The  Heart— The  alteration  produced  in  the  heart  con- 
sists in  slight  opacity,  paUor,  and  diminution  in  the  con- 
sistence of  the  musciilar  tissue.  Under  the  microscope 
the  muscular  fibres  are  seen  to  have  lost  their  distmct 
striation  and  to  be  finely  granular.    (Fig.  28.)    Such  a 

Fig.  28. 


Muscular  Tissue  of  the  Heart,  from  a  case  of 
severe  Typhoid  Fever.  Showing  the  granular 
condition  of  the  fibres  and  the  loss  of  their 
striation.    x  400. 

condition  must  materially  interfere  with  the  contractile 
power  of  the  organ.  A  similar  change  is  met  with  less 
frequently  in  other  muscles. 

The  Lungs.— The  change  in  the  lungs  has  been  described 
by  Buhl  as  consisting  in  swelling  of  the  alveolar  epi- 
thelium. The  epithelial  elements  are  markedly  granular 
from  the  presence  of  albuminous  and  fatty  particles,  and 
they  become  loosened  from  the  alveolar  walls.  The 
change  affects,  more  or  less,  the  whole  of  both  lungs. 
The  organs  are  enlarged,  oeiematous,  and  abnormally 
friable.* 

This  change  occurs  not  only  in  pyrexia,  but  also  in  the 
earlier  stages  of  the  process  of  inflammation.  Here  also 
a  swollen  and  granular  condition  of  the  protoplasm  is 
met  with,  especially  in  epithelial  and  endothelial  elements. 


*  Buhl,  "  Lungenentziindung,  Tuberkulose,  und  Schwindsucht." 
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It  is  to  this  that  Virchow  gave  the  name  of  "cloudy 
swelHng."    (See  chapter  on  "  Inflammation.") 

Respecting  the  nature  of  the  change— nothing  is  cer- 
tainly known.  Dr.  Wickham  Legg  produced  it  arti- 
ficially in  animals  by  submitting  them  to  a  high  tem- 
perature, and  he,  in  common  with  some  other  pathologists, 
is  inclined  to  look  upon  it  simply  as  a,  result  of  the  high 
temperature.  An  exact  knowledge  of  its  pathology, 
however,  must  probably  await  further  accurate  expe- 
rimental investigation.  In  the  meantime,  when  it  is 
borne  in  mind  that  the  conditions  in  which  it  occurs — 
fever  and  inflammation,  are  both  attended  by  marked 
alterations  in  the  nutritive  processes,  and  that  in  ad- 
vanced degrees  of  the  change  it  is  accompanied  by  more 
or  less  fatty  metamorj)hosis,  it  may  be  regarded  as  pro- 
bable that  its  occurrence  will  be  found  to  be  due  partly  to 
interference  with  the  normal  processes  of  tissue-oxidation, 
and  partly  to  increased  transformation  of  the  protoplasm 
of  the  cells.  (See  "  General  Pathology  of  Fatty  Dege- 
neration.") 

Whatever  be  the  nature  of  the  change,  there  can  be  no 
doubt  that  it  must  very  materially  interfere  with  function, 
and  that  its  supervention  in  the  course  of  acute  disease — 
especially  when  affecting  the  heart — must  constitiite  a 
most  important  source  of  danger. 
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NUTEITION  INCEEASED. 

Tee  morbid  changes  tlius  far  described,  have  been  at- 
tended either  by  arrest  or  by  impairment  of  nutrition ; — 
those  remain  to  be  considered  in  which  the  nutritive  ac- 
tivity is  increased.  They  include  Hypertrophy  and  the 
New  Formations. 

Hypertrophy. 

Hypertrophy  is  an  increase  in  the  amount  of  a  tissue, 
owing  to  an  increase  in  the  size,  or  to  an  increase  in  the 
number,  of  its  histological  elements.  This  increase, 
however,  in  order  to  constitute  hypertrophy  must  affect 
those  elements  more  especially  upon  which  the  peculiar 
functions  of  the  part  depend ;  in  muscle,  for  example, 
the  muscular  fibres,  in  the  kidney — ^the  urine-tubes  and 
blood-vessels. 

When  this  increase  in  the  amount  of  the  tissue  is 
owing  simply  to  an  increase  in  the  size  of  the  elements  of 
which  it  is  composed,  it  is  termed  simple  hypertrophy  ; 
when  to  an  increase  in  their  number,  and  to  the  forma- 
tion of  a  new  tissue,  numerical  hypertrophy,  or  hyper- 
plasia. The  two  forms  of  hypertrophy  are  thus  com- 
parable with  the  two  forms  of  atrophy : — in  simple 
hypertrophy  as  in  simple  atrophy,  there  is  merely  an 
alteration  in  the  size ;  in  numerical — an  alteration  in  the 
number  of  the  elements. 

Hypertrophy  is  in  most  cases  the  result  of  an  increase 
in  the  functional  activity  of  the  tissue,  this  increased 
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activity  being  induced  by  a  necessity  for  some  increased 
rnanifestation  of  function ;  in  muscle,  for  example,  in  order 
to  overcome  some  obstruction,  in  a  secreting  organ — to 
secrete  more  fluid.  Such  bypertropbies  are  consequently 
conservative  in  tbeir  natiire,  and  tbey  are  usually  spoken 
of  as  functional  hyperti-opbies. 

It  is  in  muscular  tissue  tbat  functional  bypertropby  is 
most  frequently  met  witb.  Examples  of  it  are  f urnisbed 
by  tbe  bypertropby  of  tbe  muscles  of  the  calf  in  ballet 
dancers  ;  also  by  the  hypertrophy  of  a  hollow  viscus  from 
obstruction  to  the  exit  of  its  contents — as  of  tbe  beart 
from  obstruction  at  tbe  valvular  orifices  or  in  the  course 
of  the  circulation,  of  tbe  muscular  coat  of  tbe  stomach 
in  stricture  of  tbe  pylorus,  of  tbe  intestine  above  a  per- 
manent stricture,  and  of  the  bladder  in  stricture  of  the 
urethra.  The  kidney  also  may  become  hypertropbied, 
owing  to  tbe  loss  or  incapacity  of  its  fellow.  In  bone, 
hypertrophy  of  tbe  fibula  has  been  observed  hi  cases  of 
disease,  or  ununited  fracture  of  tbe  tibia.  In  aU  these 
cases  the  necessity  for  increased  activity  leads  to  increased 
development. 

In  exceptional  cases  hy]oertrophy  is  not  dependent 
upon  an  increase  in  tbe  functional  activity  of  tbe  tissue. 
It  may  sometimes  result  from  an  increased  supply  of 
blood  to  a  part,  and  there  are  some  foi-ms  of  hypertrophy 
which  are  congenital. 

The  term  "  bypertropby"  is  also  frequently  applied  to 
those  enlargements  of  organs  which  result  from|  long- 
continued  irritation;  as  to  enlargements  of  tbe  lym- 
phatic glands,  of  the  tonsils,  and  of  the  prostate  gland. 
Such  growths,  however,  are  some  of  them  inflammatory 
in  tbeir  nature,  others  come  more  properly  within  the 
category  of  "tumours." 


CHAPTER  XII 


THE  NEW  FOEMATIONS. 

Increased  nutritive  activity  of  a  tissue — as  has  been  seen 
in  the  preceding  chapter— leads  not  only  to  the  enlarge- 
ment of  its  component  elements,  but  also  to  the  produc- 
tion of  new  ones.  It  is  this  production  of  neiv  elements, 
and  the  various  structures  to  which  they  give  rise,  that 
constitutes  the  1^'ew  Formations.  The  'New  Forma- 
tions comprise  both  inflammatory  and  non-inflammatory 
growths. 

The  inflammatory  new  formations  differ  from  the  non- 
inflammatory in  being  caused  by  some  injury,  upon  the 
removal  of  which  tie  process  of  growth  usually  ceases. 
They  are  characterised  by  their  instability :  they  either 
rapidly  undergo  retrogressive  changes,  or,  at  the  most, 
form  a  tissue  which  in  its  structure  and  Hfe  is  similar  to 
that  from  which  they  originated.  Their  tendency  is  gra- 
dually to  approximate  to  a  healthy  condition,  and,  not 
like  the  non-inflammatory  growths,  continuously  to  in- 
crease. These  will  be  treated  of  in  the  chapters  on 
"  Inflammation." 

The  non-inflammatory  new  formations  are  divisible 
into — the  Regenerations,  the  Hyperplasias,  and  the 
Tumours. 

The  regeneration  of  lost  or  destroyed  tissue  belongs 
rather  to  the  domain  of  normal  than  of  pathological  his- 
tology, and  needs  here  no  further  consideration. 

The  Hyperplasias  are  new  formations  of  tissue  which 
in  structure  and  formation  are  similar  to  that  from  which 
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they  originated.  Such,  new  formation  has  been  seen  in 
the  preceding  chapter  to  occur  in  many  cases  of  hyper- 
trophy (numerical  hypertrophy).  Most  frequently,  how. 
ever,  a  hyperj)lvistic  process  gives  rise  to  growths  which 
come  within  the  category  of  tumours.  This  is  seen,  for 
example,  in  a  localised  hyperplasia  of  the  papillary  layer 
of  the  skin  leading  to  the  formation  of  a  papilloma. 

The  tumours,  much  the  most  important  class  of  new 
formations,  must  be  treated  of  more  fully. 

The  Tumotjes. 

The  tumours  are  new  formations  which  in  their  deve- 
lopment and  growth  are  characterised  by  their  indepen- 
dence of  the  rest  of  the  body ;  they  increase  in  size  by 
virtue  of  their  own  inherent  activity,  which  differs  from, 
and  is,  to  a  great  extent,  independent  of  that  of  the  sur- 
rounding tissues.  Having  attained  a  certain  size,  they 
either  remain  permanent,  or,  more  frequently,  tend  con- 
tinuoiLsly  to  increase. 

Whatever  be  the  nature  of  the  tumour  it  is  always  the 
direct  product  of  the  elements  of  a  pre-existing  tissue, 
these  elements  being  in  some  cases  migrated  white  blood- 
corpuscles.  In  order  therefore  to  understand  the  patho- 
logy of  the  tumours,  it  is  necessary  to  be  intimately 
acquainted  with  the  histology  and  mode  of  development 
of  the  normal  tissues. 

ETioLOGr  OF  TcTMOURS. — As  tumours  are  the  result  of 
the  increased  nutritive  activity  of  the  elenients  from 
which  they  originate,  it  will  be  readily  understood  that 
their  causes  must  for  the  most  part  be  obscure,  and  that 
in  many  cases  all  that  can  be  said  is,  that  the  new  growth 
is  the  result  of  the  spontaneoihs  activity  of  the  elements 
from  which  it  springs.  Sometimes,  however,  the  causes 
are  either  wholly  or  partially  ascertainable.  They  may 
be  divided  into  constitiUional  predisposing,  and  direct 
exciting,  causes. 

Constitutional  Predisposing  Causes. — That  many  tu- 
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mours  owe  tlieir  origin  to  some  constitutional  taint,  has 
long  been  a  universally  accepted  pathological  doctrine. 
The  constitutional  cause  has  frequently  been  regarded  as 
a  general  one,  as  consisting  either  in  some  alteration  in 
the  constitution  of  the  blood,  or  in  some  abnormal  condi- 
tion of  the  physiological  processes  throughout  the  entire 
organism.  It  was  formerly  supposed  that  many  new  for- 
mations were  the  result  of  an  exudation  from  the  blood- 
vessels, and  that  the  elements  of  the  growth  were  produced 
spontaneously  in  the  exuded  structureless  blastema.  Such 
growths  were  looked  upon  as  the  local  expression  of  a 
vitiated  constitution  of  the  blood, — a  chjscrasia.  Although 
this  hypothesis  is  now  universally  abandoned,  and  all 
new  formations  are  known  to  originate  from  pre-existing 
cellular  elements,  an  alteration  in  the  constitution  of  the 
blood  or  in  the  performance  of  the  physiological  processes 
throughout  the  body,  is  still  regarded  by  many  as  playing 
an  important  part  in  their  causation. 

It  is  the  malignant  tumours  which  are  thus  supposed 
to  owe  their  origin  to  the  existence  of  a  general  constitu- 
tional taint.  These  growths  are  said  to  be  of  a  constitu- 
tional origin,  in  contradistinction  to  the  non-malignant 
growths,  which  are  looked  upon  as  purely  local.  This 
hypothesis  is  principally  based  upon  the  clinical  charac- 
teristics of  the  malignant  growths — their  tendency  to 
recur  after  removal,  their  multij)licity,  and  the  dij0B.culty 
or  impossibility  of  completely  eradicating  them. 

It  is  said  that  the  development  of  malignant  growths 
is  frequently  preceded  by  an  unhealthy  state  of  the  con- 
stitution— a  cachexia.  In  the  majority  of  cases  of  malig- 
nant formation,  however,  there  is  no  evidence  of  any  such 
cachexia  preceding  the  local  growth.  The  individual  is 
usually  in  good  health  at  the  time  of  the  occurrence  of 
the  primai'y  tumour.  The  general  imj^airment  of  nutri- 
tion and  emaciation,  which  constitute  the  cachexia,  are 
secondary  to  the  local  growths,  and  are  in  direct  propor- 
tion to  their  extent  and  situation : — the  more  extended 
the  local  lesions,  the  greater  the  amount  of  discharge,  the 
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more  tlie  lymphatics  and  the  digestive  organs  are  in- 
volved, the  more  marked  is  the  attendant  cachexia. 

The  multiplicity  of  malignant  growths  is  also  adduced 
as  an  argument  in  favour  of  the  existence  of  a  general 
constitutional  taint.  The  fact  that  malignant  growths 
are  frequently  multiple,  constitutes  in  itself  no  ground 
for  such  a  conclusion.  The  multiplicity  is  for  the  most 
part  a  secondary  phenomenon,  the  secondary  tumours 
resulting  from  infection  by  the  primary  one.  Simple 
primary  multiplicity  is  not  so  characteristic  of  malignant 
as  of  many  other  tumours — the  lipomata,  fibromata,  seba- 
ceous tumours,  and  warts,  are  all  more  often  primarily 
multiple  than  cancer.  Multiplicity  in  many  cases  is  evi- 
dence rather  of  a  local  than  of  a  general  taint.  In  scro- 
fula, for  example,  the  lymphatic  glands  generally  are 
prone  to  become  the  seats  of  new  growth,  and  tumours 
are  often  multiple  in  bone  without  occurring  in  other 
tissues.  In  such  cases  there  would  appear  to  be  a  local 
rather  than  a  general  cause. 

The  recurrence  of  the  malignant  growth  after  removal 
at  the  seat  of  the  operation,  rcay  again  be  owing  to  the 
removal  having  been  incomplete,  some  of  the  proliferating 
elements  of  the  growth  having  been  left  behind.  The 
cellular  elements  of  malignant  tumours  often  extend  into 
the  adjacent  tissues  for  some  distance  beyond  the  appa- 
rent confines  of  the  tumour,  and  as  the  physical  characters 
of  the  infiltrated  tissues  differ  in  no  way  from  those  of 
the  healthy,  there  are  no  means  of  certainly  determining 
how  far  wide  of  the  tumour  the  incision  must  be  carried 
in  order  to  include  the  whole  of  the  aff'ected  structures. 
(See  "  Malignancy.")  A  tendency  to  local  recurrence  is 
a  property  possessed  by  many  growths,  and  it  can  be 
explained  on  local  grounds  without  the  necessity  of  ad- 
mitting the  existence  of  a  general  taint. 

Lastly,  the  fact  that  malignant  growths  are  usually 
followed  by  the  development  of  similar  growths  in  the 
lymphatic  glands  and  in  internal  organs,  may  in  most 
cases  be  more  readily  explained — as  will  be  seen  when 
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speaking  of  "malignancy" — by  regarding  these  as  the 
result  of  infection  by  the  primary  tumour,  than  by  as- 
scribins  them  to  the  existence  of  a  common  constitutional 
cause. 

The  reasons  already  adduced  in  a  preceding  chapter  (see 
"  Introduction"),  for  considering  all  changes  in  the  con- 
stitution of  the  blood  as  secondary  to  local  causes,  would 
appear  of  themselves  to  be  sufhcient  to  render  untenable 
the  hypothesis  of  a  p'imanj  blood  dyscrasia.  Any  ab- 
normal condition  of  the  blood  which  may  be  associated 
with  the  development  of  malignant  tumours  must  pro- 
bably be  regarded  as  resulting  either  from  the  absorjjtion 
of  deleterious  substances,  from  the  entrance  into  it  of  the 
elements  of  the  growth,  fi"om  the  drain  of  an  attendant 
discharge,  or  from  interference  with  the  processes  of  di- 
gestion, assimilation,  or  secretion,  or  with  the  formation 
of  the  blood  itself.  At  the  same  time  it  must  be  borne  in 
mind,  when  discussing  the  possibility  of  the  development 
of  maHgnant  growths  being  the  result  of  a  "  blood- 
disease,"  that  the  emigration  of  white  blood-corpuscles 
may  play  some  part  in  the  process.  How  far  this  is  the 
case,  as  will  be  seen  hereafter,  we  are  at  present  unable  to 
determine.  We  know  that  this  emigration  constitutes  a 
prominent  feature  in  the  process  of  inflammation,  and  if 
future  researches  should  show  that  it  also  occurs  in  the 
development  of  malignant  new  formations  whilst  in  those 
which  are  non-malignant  it  is  entirely  wanting,  it  would 
go  far  towards  rendering  the  existence  of  a  malignant 
dyscrasia  beyond  dispute.  In  the  present  position  of  our 
knowledge,  however,  in  which  it  is  onhj  probable  that  an 
emigration  of  leucocytes  may  play  some  part  in  the  de- 
velopment of  all  new  growths,  both  innocent  and  malig- 
nant, any  argument  in  favour  of  the  existence  of  a  blood- 
dyscrasia  as  the  cause  of  the  development  of  the  latter 
based  upon  such  considerations  would  be  unjustifiable. 
If  an  emigration  of  leucocytes  does  take  place,  it  is  more 
in  accordance  with  facts  and  with  the  general  history  of 
malignant  growths  to  suppose  the  existence  of  some  pecu- 
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liarity  in  the  tissues  into  whicli  the  elements  escape 
whicli  determines  their  special  development. 

Although  there  would  thu.s  appear  to  be  no  necessity 
to  admit  the  existence  of  a  general  constitutional  cause  in 
order  to  explain  the  clinical  characters  which  constitute 
malignancy,  there  can  be  no  doubt  that  the  development 
of  many  growths,  both  innocent  and  malignant,  is 
materially  influenced  by  constitutional  conditions.  Certain 
conditions  of  the  constitution  may  favour  the  develop- 
ment of  tumours,  just  in  the  same  way  that  they  favour, 
for  example,  the  development  of  syphilitic  lesions.  In 
both  cases  the  local  processes  may  be  modified  by  the 
general  constitutional  state.  In  the  case  of  tumours 
it  must  be  admitted  as  possible  that  the  constitutional 
influence  may  be  sufficient  in  itself  to  determine  the 
development  of  the  new  growth;  and  this  possibility 
must  be  borne  in  mind  in  accounting  for  the  develop- 
ment of  secondary  mahgnant  growths,  as  although  these 
may  result  from  infection,  they  may  perhaps  in  some 
cases  owe  their  origin  to  the  same  causes  as  those  which 
induced  the  primary  one. 

The  influence  of  hereditary  'predisposition  must  also 
be  taken  into  account  in  studying  the  etiology  of 
tumours.  This  influence  is  marked  in  the  case  of  many 
growths,  both  malignant  and  benign.  The  inherited 
peculiarity  is  probably,  in  most  cases,  a  local  rather  than 
a  general  one,  consisting  in  some  constitutional  pecuHarifcy 
of  the  tissues  from  which  the  new  growths  originate, 
some  pecuHarity  which  renders  them  more  prone  than 
other  tissues  to  undergo  abnormal  development.  In 
scrofula,  for  example,  which  is  a  markedly  hereditary 
disease,  the  tendency  of  the  lymphatic  glands  to  undergo 
excessive  development  from  very  slight  degrees  of  irrita- 
tion, is  probably  to  be  regarded  as  owing  to  a  predisposi- 
tion of  the  glands  themselves,  and  not  to  any  general 
constitutional  state.  The  same  is  probably  true  of  many 
other  constitutional  tendencies.  NjEvi,  tumours  of  the 
skin,  uterus,  mammae,  stomach,  and  of  other  parts,  are 
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again  all  unquestionably  sometimes  hereditary ;  and  here 
also  the  tendency  would  appear  to  consist  in  a  pre- 
disposition of  the  tissues  themselves  to  become  the  seats 
of  new  formations. 

The  tendency  sometimes  observed  in  particular  tissues 
to  generate  new  formations,  points  again  to  a  local  cause. 
The  osseous  system,  for  example,  may  be  the  seat  of  new 
growths — tumours  occurring  in  nearly  all  the  bones,  and 
not  being  met  within  other  parts.  Tumours  may  in  the 
same  way  be  multiple  in  other  tissues. 

Direct  Exciting  Gauses. — The  existence  of  a  direct  ex- 
citing cause  is  more  capable  of  demonstration  than  a  con- 
stitutional one.  It  consists  either  in  some  direct  irritation 
of  a  tissue,  which  is  by  this  means  stimulated  to  increased 
development ;  or  in  the  migration  or  transmission  of  ele- 
ments from  some  primary  growth,  which  by  proliferating 
themselves,  or  causing  proliferation,  in  the  tissues  in 
which  they  lodge,  constitute  the  centres  of  secondary 
fonnations. 

The  direct  irritation  of  a  tissue  may  be  owing  to  me- 
chanical or  chemical  irritants.  Simple  mechanical  or 
chemical  irritation  can,  however,  under  no  circumstances 
be  the  only  cause  of  the  development  of  the  growth.  The 
effect  of  such  irritations  alone,  is  to  cause  an  inflammatory 
formation ;  in  order  for  them  to  produce  a  non-inflamma- 
tory one — a  tumour,  there  must  be  some  special  predis- 
position of  the  tissue  itself : — the  irritation  can  merely 
determine  its  development.  The  influence  of  simple 
irritation  in  the  production  of  new  formations  is  exem- 
plified by  the  frequent  occurrence  of  epithelioma  on  the 
lips  of  smokers,  from  the  irritation  of  the  pipe  ;  and  on 
the  penis  and  scrotum  of  chimney-sweepers,  from  the 
irritation  of  the  soot  ("  chimney-sweeps' cancer").  The 
numerous  recorded  instances  of  the  development  of  a 
tumour  following  some  external  violence  or  injury,  leave 
little  doubt  that  these  also  sometimes  stand  to  one 
another  in  the  relation  of  cause  and  effect.  Lastly,  as 
pointed  out  by  Virchow,  it  is  those  organs  which  are  the 
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most  exposed  to  irritation  from  external  causes,  as  the 
stomacli,  the  uterus,  the  mammary-gland,  and  the  rectum, 
which  are  especially  liable  to  become  the  seats  of  new 
growths. 

The  influence  of  elements,  which  have  either  migrated 
or  been  conveyed  from  their  original  habitat,  in  causing 
the  development  of  new  formations  is  exemplified  by  the 
history  of  malignant  tumours.  It  is  by  this  means  that 
the  secondary  tumours  most  frequently  originate.  The 
elements,  which  either  migrate  spontaneously  from  the 
primary  growth,  or  are  carried  by  the  blood  or  lymph 
streams,  may  proliferate  in  the  tissue  in  which  they 
lodge,  and  so  develop  into  secondary  forraations. 

In  other  cases  it  is  also  exceedingly  probable,  as  pointed 
out  by  Dr.  Creighton,*  that  the  elements  (either  cells  or 
minute  particles)  which  are  transmitted  from  the  pri- 
mary tumour  cause  the  production  of  secondary  tumours 
by  virtue  of  an  influence  on  the  cells  of  the  tissue 
where  they  lodge,  which  may  be  termed  a  spermatic 
influence,  and  which  is  strictly  comparable  with  that  of 
the  sperm-cell  on  the  ovum.  In  such  cases  the  relation  of 
the  primary  to  the  secondary  tumour  is  that  of  parent  to 
offspring.  This  subject  will  be  again  alluded  to  when 
speaking  of  "  Malignancy." 

Development.— In  studying  the  development  of  the 
tumours,  it  is  important,  in  the  first  place,  to  bear  in 
miud  what  has  been  already  stated— viz.,  that  they  are 
in  all  cases  the  direct  product  of  pre-existing  cellular 
elements.  In  their  development  they  also  resemble  the 
normal  tissues  :— every  pathological  growth  has  its  phy- 
siological prototype. 

The  elements  from  which  tumours  most  frequently 
originate  are  those  belonging  to  the  common  connective 
tissue,  and  to  the  blood-vessels  and  lymphatic  system 
with  which  it  is  so  intimately  associated.  By  common 
connective  tissue  is  meant  that  tissue  which  in  all  parts 

*  Discussion  on  Cancer,  "Trans.  Path.  Soc.  Lond.,"  1874,  p.  368. 
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STirrounds  the  blood-vessels,  and  is  so  universally  dis- 
tributed throfighout  the  entire  organism.  This  must  be 
carefully  distinguished  from  the  formed  connective  sub- 
stances— tendon,  cartilage,  bone,  &c.  In  this  common 
connective  tissue  we  distinguish  two  kinds  of  cells — the 
stable  cells  (connective  tissue  corpuscles),  and  the  mobile 
cells,  which  are  probably  wandering  white  blood-corpuscles. 
These  cells  are  in  intimate  relation  with  the  endothelium 
of  the  lymphatics,  the  latter  vessels  commencing  as  serous 
canals  which  are  universally  distributed  in  the  tissue. 
Further — both  the  endothelium  of  the  lymphatics  and 
that  of  the  blood-vessels  closely  resemble  in  their  physio- 
logical functions  the  fixed  cells  of  the  connective  tissue. 

In  the  process  of  develo^jment  of  tumours  from  this 
common  connective  tissue,  the  part  which  is  played  by 
the  different  cellular  elements  cannot  in  our  present  state 
of  knowledge  be  certainly  stated.  It  is,  however,  pro- 
bable that  it  is  the  mobile  cells  which  are  principally  con- 
cerned. These  cells  are  the  most  active,  and  consequently 
the  most  capable  of  multiplying  by  division.  It  is  equally 
probable  that  the  number  of  these  mobile  cells  is  ma- 
terially increased  by  an  abundant  emigration  of  white 
blood-corpuscles  from  the  vessels.  Eespecting  the  fixed 
connective  tissue  cells  and  the  endothehum  of  the  blood- 
vessels and  lymphatics— it  must  be  admitted  that  these, 
although  perhaps  inferior  in  their  formative  powers,  also 
undergo  active  changes,  and  thus  increase  the  number 
of  the  newly  formed  elements.  In  the  case  of  these  fixed 
cells,  the  process  of  ceU-formation  is  probably  very  fre- 
quently effected  by  means  of  vacuolation  and  endogenous 
development  (See  Fig.  3);  and,  as  was  stated  when  de- 
scribing the  "genesis  of  cells,"  elements  which  thus 
originate  endogeneously  have,  for  the  most  part,  a  destiny 
different  from  that  of  the  parent  cell. 

Whatever  be  the  part  played  by  the  respective  elements 
in  the  process  of  development  of  the  new  growth,  the  first 
result  of  their  combined  activity  is  to  produce  a  new 
tissue,  composed  of  innumerable  small  roundish- shaped 
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cells,  from  xioo  ^'^  Woo  ^^li  in  diameter,  often  en- 

closing a  large,  round,  ill-defined  nucleus,  which  usually 
only  becomes  visible  after  the  addition  of  water  or  of 
acetic  acid.  The  cells,  which  are  usually  known  as 
indifferent  cells,  possess  no  limiting  membrane,  but  con- 
sist of  little  masses  of  protoplasm  which  are  almost  in 
close  contact  with  one  another  (Fig.  29).  They  are  in- 
distinguishable from  the  cells  of  a  granulation,  and  from 

many  of  those  met  with  in  the 
rapidly  growing  connective  tissue 
of  the  embryo.  In  some  cases  the 
protoplasm  continues  to  increase 
and  the  nuclei  to  divide  without 
any  subsequent  division  of  the 
cell  taking  place,  and  thus  are 
produced  large  irregular- shaped 
masses  of  protoplasm  containing 
numerous  nuclei.  These  are  the 
giant  or  myeloid  cells  which  are 
met  with  in  the  medulla  of  young 
bone  and  in  many  sarcomatous 
tumours  (see  "Myeloid  Sarcoma," 
rig.  50).  Thus  the  first  stage  in  the  process  of  develop- 
ment consists  in  the  formation  of  an  embryonic  tissue, 
and  this  embryonic  tissue  subsequently  develops  into  the 
tissue  of  which  the  new  growth  is  composed.  It  is  often 
impossible  to  determine  in  this  early  stage  of  the  growth 
what  it  will  ultimately  become— whether  a  fibroma,  a  sar- 
coma, or  an  enchondroma,  &c. 

The  second  stage  of  the  process  consists  in  the  develop- 
ment of  this  embryonic  ("  indifi"erent")  tissue  into  the 
tissue  of  the  permanent  growth,  and  this  subsequent 
development  closely  resembles  that  of  the  immature  con- 
nective tissue  of  the  embryo.  As  from  the  immature 
connective  tissue  of  the  embryo  are  developed  various 
connective  tissue  substances— fibrous  tissue,  mucous 
tissue,  cartilage,  bone,^'&c.— so  may  this  embryonic  con- 
nective tissue,  which  constitutes  the  earliest  stage  of  so 


Fig.  29. 

Enibnjonic  ("  Indiffe- 
rent") Tissue  from  the 
Edge  of  a  Sarcomatom 
Tumour,    x  350. 
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many  o£  the  pathological  new  formations,  become  de- 
veloped into  various  tissues,  all  of  which  usually  more  or 
less  resemble  the  several  varieties  of  the  physiological 
connective  tissues.  The  whole  of  the  primary  cells  may 
form  the  same  kind  of  tissue,  in  which  case  the  growth 
will  possess  the  same  characters  throughout ;  or  it  may 
be  complex,  some  cells  forming  one  kind  of  tissue  and 
some  another.  A  combination  of  two  or  more  kinds  of 
structure  may  thus  be  met  with  in  the  same  tumour — as 
a  combination  of  sarcoma  and  lipoma,  of  enchondroma 
and  myxoma,  and  so  on.  What  determines  the  ultimate 
development  of  the  young  cells,  why  they  produce  such 
various  forms  of  growths,  is  as  far  from  our  knowledge  as 
what  determines  the  ultimate  destination  of  the  cells  in 
the  embryo. 

Next  to  common  connective  tissue,  the  epithelia,  surface 
and  glandular  are  the  elements  from  which  tumours 
most  frequently  originate ;  and  as  from  connective 
tissue  are  usually  produced  growths  of  the  connective 
tissue  type,  so  do  the  growths  originating  from  the  epi- 
theHa  usually  resemble  epithelium.  As  to  whether  all 
new  growths  originating  in  connexion  with  epithelium  are 
solely  the  offspring  of  pre-existing  epithelial  elements,  we 
are  unable  to  speak  with  absolute  certainty.  The  answer 
to  this  question  must  await  a  more  certain  knowledge  of 
the  way  in  which  the  epithelial  structures  normally  grow 
and  repair  themselves.  It  is  regarded  as  probable  by 
some  that  the  normal  production  of  epithelium  is  not 
entii'ely  the  result  of  the  multiplication  of  epithelial  cells, 
but  that  the  mobile  cells  of  the  connective  tissue  by 
contact  with  epithelial  elements  may  become  developed 
into  epithelium.  If  this  be  so,  it  must  be  admitted 
as  at  all  events  equally  probable,  that  pathological  new 
formations  which  originate  in  connexion  with  epithe- 
lium may  be  in  part  the  product  of  mobile  elements 
belonging  to  the  connective  tissue.  The  process  of  deve- 
lopment from  epithelium  may  take  place  either  by  simple 
division,  or  by  vacuolation  and  endogenous  growth. 
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Here  allusion  must  be  made  to  the  recent  investiga- 
tions of  Dr.  Creighton  on  the  development  of  secondary 
tumours  in  the  liver.*  Dr.  Creighton  finds  that  in  various 
kinds  of  secondary  tumour  occurring  in  the  liver,  the 
growth  originates  from  the  liver-cells  by  a  process  of 
vacuolation  and  endogenous  formation ;  and  he  concludes 
that  in  this  way  Hver-cells  may  originate  epithelial  cells, 
connective  tissue-cells,  spindle-cells,  &c.,  the  variations 
depending  upon  the  nature  of  the  primary  tumour. 

From  the  remaining  tissues,  muscle  and  nerve,  the 
development  of  tumours  is  comparatively  rare,  and  in 
nerve-tissue  it  is  even  doubtful  if  formative  processes  ever 
occur. 

According  to  the  similarity  or  difference  which  subsists 
between  the  new  growth  and  the  tissue  from  which  it 
grows,  tumours  are  divisible  into  two  classes — homo- 
logous and  heterologous.  "When  the  tumour  resembles 
in  its  structure  and  development  the  tissue  from  which  it 
originates,  it  is  said  to  be  homologous  ;  when  it  differs,  it 
is  said  to  be  heterologous.  A  cartilaginous  tumour,  for 
example,  growing  from  cartilage,  is  homologous,  but 
growing  from  any  other  tissue,  as  from  the  parotid  gland, 
it  is  heterologous.  The  same  variety  of  tumour  may 
thus  be  in  one  case  homologous,  in  another,  heterologous. 
A  purely  homologous  growth  is  therefore  simply  a  Ziyj^er- 
plasia—sm  excessive  growth  of  a  tissue  in  some  particular 
part ;  any  deviation  from  the  type  of  the  parent  tissue 
constitutes  heterology. 

Heterology,  however,  is  not  limited  to  the  production 
of  a  tissue  which  is  dissimilar  from  that  from  which  it 
originates  ;  a  tumour  is  also  said  to  be  heterologous  when 
it  differs  from  the  tissue  in  which  it  is  situated,  and  this 
may  occur  without  its  being  the  direct  product  of  the 
latter.  It  is  heterology  in  this  sense  that  is  so  charac- 
teristic of  certain  cancers.  Those  cancers  which  obviously 
originate  from  epithelium,  become  heterologous,  owing  to 


*  Discussiou  on  Cancer,  "  Trans.  Path.  Soc.  Lond.,"  1874,  p.  368. 
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the  growtli  and  extension  of  tlie  epithelmm  beyond  its 
normal  limits  (See  "  Epithelioma,"  Fig.  60).  The  same 
form  of  heterology  obtains  in  the  case  of  growths  ori- 
ginating from  elements  which  have  migrated  or  been 
carried  °from  their  original  habitat,  and  have  developed 
into  a  tissue  which  differs  from  that  in  which  they  are 
situated. 

Heterology  is  often  an  evidence  of  malignancy.  Many 
heterologous  tumours,  however,  are  not  malignant ;  slight 
deviations  from  the  normal  type  are  no  evidence  of 
malignancy.  A  growth  primarily  homologous  may  siib- 
sequently  become  heterologous ;  this  is  often  seen  when 
a  long-standing  innocent  tumour  suddenly  exhibits 
mahgnant  characters.  A  knowledge  of  the  homology  or 
heterology  of  a  growth  is  therefore  an  important  element 
in  the  determination  of  its  innocent  or  malignant  nature. 

EeLATION     01'     THE     TuMOtTB     TO    THE  SUBEOTJNDING 

Tissues. — The  relation  of  the  tumour  to  the  surrounding 
structures  will  depend  upon  its  mode  of  growth.  Growth 
may  take  place  simply  by  the  continuous  proliferation  of 
the  cells  of  which  the  tumour  is  composed.  In  this  case 
it  will  merely  displace  the  surrounding  parts,  and  having 
attained  a  certain  degree  of  development,  a  fibrous  cap- 
sule is  often  formed  around  it,  by  which  it  becomes  com- 
pletely isolated.  The  lipomata,  fibromata,  and  enchon- 
dromata  are  usually  thus  encapsuled.  In  other  cases, 
growth  takes  place  also  at  the  circumference,  by  the  con- 
tinuous proliferation  of  the  parent  tissue,  and  the  in- 
vasion of  adjacent  structures.  There  is  then  no  line  of 
demarcation  between  the  tumour  and  the  surrounding 
parts,  so  that  although  to  the  naked  eye  it  may  appear 
separate,  the  microscope  will  discover  in  the  adjacent 
tissues  elements  of  the  new  gi-owth.  (Fig.  30.)  This  is 
very  common  in  the  sarcomata  and  in  the  cancers,  and  is 
a  common  cause  of  local  recurrence  after  removal.  (See 
"  Malignancy.") 

Retrogressive   Changes. — The   development  of  the 
tumour  being  complete,  it  becomes  sooner  or  later  the 
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seat  of  retrogressive  changes.  The  time  at  which  these 
commence  varies  : — As  a  rule  thie  permanence  and  dura- 
bility of  a  tumour  bear  an  inverse  relation  to  the  rapidity 
of  its  growth,  and  to  the  inferiority  of  its  organisation. 

Fig.  30. 


Scirrlms  of  the  Mamma. — A  thin  section  from  the 
most  external  portion  of  the  tumour.  Showing 
the  invasion  by  small-celled  infiltration  of  the 
miiscular  fibres  and  adipose  tissue  in  the  neigh- 
bourhood of  the  gland,    x  200. 


The  more  rapid  the  growth,  and  the  more  lowly  organised 
the  tissue  formed,  the  less  its  durability  and  the  sooner 
do  retrogressive  changes  occur.  The  cancers  and  sarco- 
mata, for  example,  which  develop  rapidly,  and  consist  for 
the  most  part  of  cells,  quickly  degenerate ;  their  elements 
are  unstable  and  soon  jaerish.  Osseous  tumours,  on  the 
other  hand,  which  develop  more  slowly,  and  consist  of  a 
more  highly  organised  tissue,  have  a  much  greater 
stability,  and  are  but  little  liable  to  retrogressive  meta- 
morphosis. 

The  retrogressive  changes  are  similar  to  those  met  with 
in  the  physiological  tissues.  Deficient  supply  of  blood 
is  followed  by  fatty  degeneration  and  its  various  termi- 
nations— softening,  caseation,  and  calcification.  Pig- 
mentary, colloid,  and  mucoid  degeneration  may  also 
occur.  Tumours  may  also  become  the  seats  of  an  inflam- 
matory process. 

Malignancy. — By  "  malignancy"  is  understood  the  pro- 
perty possessed  by  many  tumours  of  reproducing  them- 
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selves  either  locally  after  removal,  or  in  distant  tissues. 
It  is  important  not  to  confound  the  terms  "  malignancy" 
and  "cancerous."  "Malignancy"  is  a  purely  clinical 
term,  and  although  in  a  high  degree  the  property  of  the 
cancers,  is  by  no  means  confined  to  them  ;  the  sarcomata, 
for  example,  being  in  many  cases  equally,  or  even  more 
malignant.  The  term  "cancer,"  on  the  other  hand,  is 
used  to  imply  a  definite  structure,  and  as  such  is  applied 
to  a  certain  class  of  new  formations. 

The  malignant  properties  of  a  tumour  may  manifest 
themselves  either  in  the  tissues  immediately  adjacent  to 
it  or  in  its  neighbourhood,  in  the  nearest  chain  of  lym- 
phatic glands,  or  in  more  distant  parts.  Some  growths 
possess  these  properties  in  a  higher  degree  than  others, 
so  that  there  are  diiferent  degrees  of  malignancy.  In 
many  cases  the  malignancy  of  a  tumour  is  so  far  limited 
that  it  gives  rise  merely  to  a  local  reproduction  after 
removal.  Such  tumours  have  been  separately  classified 
by  many  surgeons  as  "  recurrent"  tumours.  (See  "  SmaU 
Spindle-celled  Sarcoma.")  In  other  growths  this  ten- 
dency to  local  reproduction  is  associated  with  the  develop- 
ment of  similar  growths  in  the  nearest  lymphatic  glands  ; 
whilst  in  a  third  class  of  cases,  to  one  or  both  of  these 
conditions  is  added  the  reproduction  of  the  growth  in 
more  distant  tissues,  especially  in  the  lungs  and  liver.  It 
will  be  advisable  to  treat  of  these  three  degrees  of  malig- 
nancy separately. 

1.  Beproduction  of  the  Tumour  in  the  Adjacent  Struc- 
tures.— This  is  usually  the  eai-liest  evidence  of  malignancy 
in  a  growth,  and  gives  rise  to  its  persistent  recurrence 
in  loco  after  removal  by  the  surgeon.  This  tendency  to 
the  local  reproduction  of  the  tumour  is  principally  owing 
to  its  mode  of  growth.  The  cellular  elements  of  the 
tumour  extend  for  some  distance  into  the  surrounding 
tissues,  80  that  unless  in  the  operation  for  its  removal  the 
incision  be  carried  for  some  distance  beyond  the  apparent 
confines  of  the  growth,  some  of  the  elements  may  be  left 
behind  and  thus  constitute  the  centres  of  secondary  for- 
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mations.  (See  Fig.  30.)  Such  tumours  therefore  are  not 
usually  encapsuled,  but  extend  by  peripheral  growth. 
In  some  cases,  however,  tumours  which  possess  a  dis- 
tinct capsule  may  in  the  same  way  infiltrate  the  sur- 
rounding structures.  The  infiltration  of  the  adjacent 
tissues  by  the  elements  of  the  tumour  sometimes  gives 
rise,  not  only  to  the  continuous  enlargement  of  the  pri- 
mary growth,  but  also  to  the  development  of  separate 
secondary  growths  in  the  immediate  vicinity  of  the  pri- 
mary one.  Whilst  it  must  be  admitted  that  the  repro- 
duction of  a  malignant  tumour  in  the  adjacent  tissues  is 
thus  in  most  cases  to  be  ascribed  to  the  infiltration  of 
the  latter  with  its  cellular  elements,  it  is  possible  that 
the  nutrient  fluids  of  the  tumour  may  by  their  influence 
upon  the  surrounding  tissues  be  in  part  the  cause  of  the 
abnormal  development. 

2.  Reproduction  of  the  Timour  in  the  nearest  Lyyn- 
phatic  Glands. — This  is  owing  to  the  transmission  by  the 
lymph-stream  of  substances  (probably  cellular  elements) 
derived  from  the  malignant  growth,  which  become  arrested 
in  the  nearest  lymphatic  glands,  and  there  cause  the 
development  of  secondary  formations.  These  are  in  all 
cases  of  the  same  nature  as  the  primary  tumour.  When 
the  lymphatic  glands  have  themselves  developed  into 
secondary  growths,  they  in  their  turn  constitute  new 
centres  of  infection,  and  may  thus  infect  more  distant 
glands  or  the  immediately  adjacent  tissues.  The  ten- 
dency to  reproduction  in  the  lymphatic  glands  varies 
very  much  in  the  different  varieties  of  malignant 
growths,  being,  for  example,  very  marked  in  the  cancers, 
whereas  in  the  sarcomata  it  is  comparatively  rare.  The 
reasons  for  these  diff"erences  will  be  seen  in  the  subse- 
quent chapters. 

3.  Reproduction  of  the  Tumour  in  Distant  Tissues. — 
This  is  usually  the  terminal  process  in  the  history  of 
malignant  growths.  The  reproduction  of  the  malignant 
growth  in  distant  tissues  is  in  the  great  majority  of  cases 
owing  to  the  entry  of  some  of  its  elements  into  the  blood- 
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stream.  The  secondary  tumours,  as  in  the  lymphatic 
glands,  are  ia  all  cases  of  the  same  nature  as  the  primary 
one,  although  they  are  often  softer,  more  vascular,  and 
show  greater  activity  of  growth.  They  occur  as  a  rule 
in  those  organs  through  which  the  blood  from  the  pri- 
mary tumour  first  passes— that  is,  in  those  organs  which 
present  the  first  set  of  capillaries  for  the  arrest  of  the 
transmitted  materials.  In  malignant  diseases  of  those 
organs,  for  example,  which  return  their  blood  through 
the  portal  vein,  as  the  stomach  and  mesenteric  glands,  it 
is  the  liver  in  which  the  secondary  growths  usually  first 
occur,  and  when  this  has  become  involved,  it  may  consti- 
tute a  secondary  centre  of  infection,  and  in  the  same  way 
cause  tertiary  growths  in  the  lungs.  Although  this 
sequence  is  the  rule,  there  are  numerous  exceptions.  In 
some  cases,  the  organs  which  are  nearest  in  the  course  of 
the  circulation  to  the  primary  growth  escape,  whilst  those 
more  distant  become  affected.  This  may  be  owing  to  one 
organ  being  more  predisposed  to  the  influence  of  the  in- 
fecting materials  than  another;  or  to  the  capillaries  of 
the  proximal  organ  allowing  particles  to  pass  through 
them,  whereas  those  of  the  more  distant  one  are  small 
enough  to  arrest  them.  Lastly,  it  must  be  borne  in 
mind  that  the  secondary  growths  may  be  entirely  in- 
dependent of  the  primary  one,  their  origin  being  due  to 
the  same  cause. 

Although  the  general  dissemination  of  a  malignant 
growth  is  thus  in  most  cases  owing  to  the  transmission 
of  its  elements  by  the  blood-stream,  this  is  not  the  only 
way  in  which  it  may  be  brought  about.  Exceptional 
cases  have  been  described  in  which  the  elements  of  a 
tumour  have  been  distributed  and  caused  secondary 
growths  in  other  ways — as  by  passiug  down  the  trachea, 
travelling  between  the  layers  of  the  peritoneum,  and 
from  the  kidneys  down  the  ureters  to  the  bladder,  &c. 

The  secondary  tumours,  as  already  stated,  are  probably 
either  the  direct  products  of  the  transmitted  elements 
which  proliferate  in  the  tissues  in  which  they  lodge,  or 
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they  owe  tlieir  origin  to  the  spermatic  influence  of  those 
elements  upon  cells  with  which  they  come  into  contact. 

It  is  thus  obvious  that  the  evidences  of  malignancy  in 
a  tumour  will  consist — in  its  invasion  of  the  surrounding 
structures,  the  imphcation  of  the  neighbouring  lym- 
phatics, and  the  occurrence  of  similar  tumours  in  internal 
organs.  As  a  general  rale  it  may  be  stated  that  the 
more  juice  a  growth  contains,  and  the  richer  it  is  in 
blood-vessels  and  lymphatics,  the  more  quickly  will  it 
infect  the  lymphatic  glands,  and  internal  organs ;  on  the 
other  hand,  the  poorer  it  is  in  blood-vessels  and  lym- 
phatics, the  more  are  its  infecting  properties  confined  to 
the  neighbouring  tissues. 

The  determination  of  the  innocent  or  malignant  nature 
of  any  growth  will  principally  depend  upon  its  micro- 
scopical characters,  and,  as  will  be  seen  when  considering 
the  various  kinds  of  tumours,  the  differences  which  exist 
in  their  clinical  characters  are  in  great  measure  to  be 
explained  by  differences  in  their  position,  minute  struc- 
ture, and  mode  of  grovrth.  Many  varieties  of  tumours 
are  invariably  malignant,  as  the  cancers  and  sarcomata; 
hence  any  growth  which  from  its  minute  structure  must 
be  included  under  these  heads,  must  be  regarded  as  being 
of  a  malignant  nature. 

Olassipication. — Tumours  may  be  classified  upon  a 
histological,  or  upon  a  physiological  and  clinical  basis. 
Although  a  physiological  and  clinical  classification  are 
much  to  be  desired,  in  the  present  state  of  our  knowledge 
they  must  be  very  incomplete.  The  usual  classification 
of  tumours  according  to  their  histological  characters  is 
consequently  here  adopted.  Such  a  classification  may  be 
most  advantageously  made  in  accordance  with  the  clas- 
sification of  the  physiological  tissues  : — 
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CLASSIFICATION  OF  TUMOUES. 
Type  of  the  Fully  developed  Connective  Tissues. 

Type  of  fibrous  tissue  .    .    .  Fibromfu 

adipose  tissue  .    .    •  Lipoma. 

cartilage   Euchondroma. 

tone   Osteoma, 

mucous  tissue  .    .   .  Myxoma. 


„       lymphatic  tissue  .    .    The  Lymphomata- 

II.  Type  of  Higher  Tissues. 

Type  of  muscle  Myoma. 

„       nerre  Neuroma. 

„       blood-vessels  .    .    .  Angioma. 

papilla  of  sMn  or  mu-  ]  p  iHoma. 
cous  membrane .    .  i 
„       secreting  glands  .   .  Adenoma. 

III,  Type  of  Embryonic  Connective  Tissue. 

The  Sarcomata. 


HodgkiR's 
Disease. 
Leukaemia. 


Spindle-celled  Sarcoma 

Kound-celled  Sarcoma 
Myeloid  Sarcoma. 


Small  spindle-celled  Sarcoma. 

Large  „  „ 

Melanotic  Sarcoma. 
,  Osteoid  Sarcoma. 
r  Glioma. 

t  Alveolar  Sarcoma. 


IV.  The  Ca/rcinomata. 

Scirrhus. 

Encephaloid. 

Colloid. 

Epithelioma — Adenoid  Cancer. 


V.  Cystic  Tumours. 

Cysts. 


CHAPTER  XIII. 


THE  FIBEOMATA. 


The  fibromata,  fibrous,  fibro-cellular,  or  connective- 
tissue  tumours,  are  tumours  consisting  of  fibrous  tissue. 

Stkuctuke. — In  structure  the  fibromata  present  tbe 
same  variations  as  those  met  vrith.  in  fibrous  tissue. 
Some  of  tbem  are  composed  of  firm,  dense,  fibrous  tissue, 
sucb  as  constitutes  tendons  ;  otbers  are  laxer  and  less 
fibrous  in.  consistence,  more  resembling  the  connective 
tissue  of  the  cutis.  The  fibres,  which  constitute  the 
chief  part  of  the  growth,  are  more  or  less  closely  inter- 
laced, and  are  distributed  without  any  definite  arrange- 
ment, or  grouped  in  bundles  of  various  sizes.  They  are 
sometimes  arranged  concentrically  around  the  blood- 
vessels. (Fig.  31.)  Yellow  elastic  fibres  are  but  very 
rarely  met  with.    The  cells,  like  those  of  normal  fibrous 

Fig.  31. 


Section  of  a  Fihroiis  Tumour  fi-om  the  SJdn.— In  the  neighbourhood 
of  the  cut  blood-vessel  v.  are  seen  some  cells ;  also  fibres  cut  trans- 
versely.   X  2U0  and  reduced  J. 
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tissue,  are  very  few  in  number,  and  are  usually  most 
abundant  around  the  vessels.  They  are  minute,  spindle- 
sbaped,  fusiform,  or  stellate  bodies,  tbe  latter  having 
processes  of  varying  length,  which  communicate  with 
similar  processes  from  neighbouring  cells.  They  are 
often  so  small  and  indistinct  as  in  the  fresh  specimen 
only  to  become  visible  after  the  addition  of  dilute  acetic 
acid.  The  size  and  number  of  these  cells  varies  with  the 
rapidity  of  growth — the  slower  the  growth  the  more 
fibrous  the  tissue,  and  the  smaller  and  less  numerous  are 
the  cells. 

The  fibromata  usually  contain  but  few  blood-vessels. 
In  the  softer  growths,  however,  these  are  often  more 
numerous.  They  sometimes  form  a  cavernous  network, 
the  walls  of  which  are  firmly  united  to  the  tissue  of  the 
tumour,  so  that  when  divided  or  ruptured  they  are  unable 
to  retract.  In  such  cases,  injury  to  the  tumour  is  often 
followed  by  profuse  hsemorrhage. 

Development. — The  fibromata  originate  from  connec- 
tive tissue,  either  from  the  cutis  or  subcutaneous  connec- 
tive tissue,  from  the  submucous  or  subserous  tissue,  from 
fascifB,  the  periosteum,  the  neurilemma,  or  from  the 
connective  tissue  of  organs.  In  the  earliest  stages  of 
their  growth  the  cells  are  more  numerous  than  when 
development  is  complete.  (See  "  Development  of  New 
Formations.") 

Secondary  Changes. — Of  these,  partial  mucoid  soften- 
ing and  calcification  are  the  most  common.  Ulceration 
also  sometimes  occurs  in  those  growths  which  are  situated 
in  the  skin  and  submucous  tissue. 

Varieties. — Fibrous  tumours  present  some  variations 
in  their  characters,  which  depend  for  the  most  part  upon 
the  tissues  from  which  they  grow.  Two  classes  may  be 
distinguished 

1.  Soft  Fibromata. — These  consist  of  the  looser  and 
less  dense  form  of  fibrous  tissue.  They  are  met  with  as 
•diffused  growths  in  the  subcutaneous  and  submucous 
tissues.    In  the  former  situation  they  often  form  large 
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pedunculated  and  non-encapsuled  tumours,  wHcli  are 
commonly  known  as  wens.  These  are  sometimes  mul- 
tiple. A  similar  increased  growth  of  the  subcutaneous 
tissue  is  also  met  with  in  Molluscum  Fibrosum.  In  this 
disease  the  large  masses  which  hang  down  from  the 
thighs,  buttocks,  and  other  situations  consist  simply  of 
loose  fibrous  tissue.  The  new  growth  here  often  contains 
numerous  large  blood-vessels,  so  that  its  removal  may 
lead  to  dangerous  haemorrhage. 

In  addition  to  these  diffused  growths,  more  circum- 
scribed and  encapsuled  fibrous  tumours  of  the  soft  variety 
are  occasionally  met  with  growing  from  the  scalp,  scro- 
tum, labium,  intermuscular  septa,  and  other  situations. 

2,  Firm  Fibromata. — These  are  composed  of  dense 
fibrous  tissue  resembling  that  met  with  in  tendons.  They 
are  firm,  hard,  encapsuled  tumours,  presenting  on  section 
a  greyish-white,  glistening,  fibrous  appearance.  These 
tumours  often  occur  in  connexion  with  bone,  especially 
with  the  upper  and  lower  jaws,  originating  either  in  the 
centre  of  the  bone  or  from  the  periosteum.  Growing 
fi-om  the  periosteum  of  the  alveolus  they  constitute 
simple  fibrous  epulis.  They  are  also  met  with  in  the 
nose,  where  they  form  one  variety  of  nasal  polypus.  It 
is  in  these  firm  fibrous  growths  that  the  communica- 
tion of  the  blood-vessels  with  cavernous  spaces  already 
alluded  to,  is  sometimes  found. 

Another  variety  of  firm  fibrous  tumour  grows  in  con- 
nexion with  nerves,  and  is  often  described  as  neuroma. 
True  neuromata,  however — i.e.  new  formations  of  nerve- 
tissue — are  amongst  the  rarest  forms  of  new  formations. 
These  fibrous  growths  most  frequently  occur  in  con- 
nexion with  the  superficial  nerves.  They  grow  from  the 
neurilemma,  and  as  they  increase  in  size  the  nerve-fibres 
become  expanded  over  them.  They  are  very  firm,  rounded 
tumours,  and  are  frequently  multiple. 

The  fibroid  tumours  of  the  nterus,  which  are  often 
described  as  fibrous  tumours,  appear  in  most  cases  to  be 
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overgrowths  of  the  involuntary  muscnlar  tissue  of  the 
organ.  They  will  therefore  be  considered  with  the  mus- 
cular tumours.    (See  "  Myoma.") 

Clinical  Ohakacters. — Clinically  the  fibromata  are 
perfectly  innocent.  They  grow  slowly,  and  have  no  ten- 
dency to  recur  locally  after  removal. 


CHAPTER  XIV. 


THE  LIPOMATA. 


Fig.  32. 


A  GENEKAL  new  formation  of  adipose  tissue  constituting 
obesity,  lias  already  been  described  under  "  fatty  infiltra- 
tion." A  localised  and  circumscribed  formation,  consti- 
tutes a  lipoma  or  fatty  tumour. 

Stetjctuue. — The  lipomata  resemble  in  their  structure 
adipose  tissue.  (Fig.  32.)  They  consist  of  cells  containing 

fat,  and  a  variable  quan- 
tity of  common  connective 
tissue.  The  cells,  like 
those  of  adipose  tissue, 
though  usually  somewhat 
larger,  are  more  or  less 
round  or  polygonal  in 
shape,  and  are  distended 
with  fluid  fat.  The  nu- 
cleus and  protoplasm  are 
so  compressed  against  the 
cell-wall  by  the  fluid  con- 
tents, that  although  their 
existence  may  often  be 
with  reagents,  they  are 


Lipoma.    Some  of  the  cells  contain 
crystallised  fatty  acids,    x  2U0. . 


demonstrated  by  treatment 
usually  only  readily  visible  when  the  cell  is  atrophied 
and  contains  less  fat.  (See  Kg.  4  a.)  The  connective 
tissue,  which  varies  in  amount,  usually  unites  the  cells 
in  masses  or  lobules  of  various  sizes,  and  also  in  most 
cases  forms  a  thin  capsule  around  the  tumour.  Blood- 
vessels are  distributed  in  the  fibrous  septa. 
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De-\t;lopment.— The  lipomata  grow  from  connective 
tissue.  Adipose  tissue,  it  must  be  remembered,  is  merely 
connective  tissue  containing  numerous  cells  wtich  are 
infiltrated  with  fat ;  and  its  growth  consists,  either  in  the 
infiltration  of  more  of  these  cells,  or  in  a  proliferation 
of  the  cells,  and  an  accumulation  of  fat  in  those  newly- 
developed.  A  Upoma  in  the  same  way  originates  by  a 
locaUsed  proliferation  of  cells,  which  as  they  are  produced 
become  infiltrated  with  fat.  The  growth  of  these  tumours 
is  always  very  slow,  and  they  are  usually  encapsuled  by  a 
layer  of  fibrous  tissue. 

Secondaky  Changes.— Secondary  changes  in  the  lipo- 
mata are  not  common;  their  fibrous  septa  may,  however, 
become  calcified,  or  even  ossified,  and  the  fatty  tissue 
undergo  a  process  of  liquefaction.  Softening  may  also 
occur  from  a  mucoid  change.  Inflammation  of  these 
tumours  is  rare,  but  when  situated  in  the  subcutaneous 
tissue  the  skin  over  them  may  become  adherent  and 
ulcerate. 

PhtsicaI;  Characters,  &c. — The  situation  of  the  lipo- 
mata is  almost  co-extensive  with  that  of  adipose  and 
connective  tissue.  They  occur  most  frequently,  however, 
in  those  parts  in  which  fat  is  normally  met  with,  as  in 
the  subcutaneous  tissue  and  the  inter-muscular  septa. 
They  are  also  occasionally  developed  in  the  subsynovial 
and  subserous  tissues,  in  the  submucous  tissue  of  the 
stomach  and  intestines,  and  even  in  internal  organs. 
They  sometimes  attain  an  enormous  size.  They  are  more 
or  less  lobulated,  and  are  usually  surrounded  by  a  fibrous 
capsule  which  separates  them  from  the  adjacent  structures. 
On  section  they  present  the  ordinary  appearance  of  adi- 
pose tissue.  Their  consistence  varies  with  the  amount  of 
fibrous  tissue  which  they  contain.  They  are  usually 
single,  although  not  unfrequently  multiple.  In  their 
growth  they  occasionally  become  pedunculated. 

Clinical  Characters. — Clinically,  the  lipomata  are 
perfectly  innocent, 
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THE  ENCHONDEOMATA. 

The  Bncliondromata  are  tumours  histologically  resem- 
bling cartilage. 

Structure. — Like  cartilage  they  consist  of  cells  and 
an  intercellular  substance,  which  present  all  the  varia- 
tions observed  in  the  normal  tissue.  The  intercellular 
substance  may  be  hyaline,  faintly  or  distinctly  fibrous,  or 
mucoid.  When  fibrous,  the  fibres  may  be  arranged  like 
those  of  fibro-cartilage,  or  more  or  less  concentrically 
around  the  cells,  as  in  the  reticular  cartilages  of  the  ear 

and  larynx.   (Fig.  33.)   When  hy- 
^'  aline  or  mucoid,  it  is  sometimes 

quite  soft  in  consistence.  The  cells 
may  be  very  numerous,  or  few  in 
proportion  to  the  matrix.  They 
are  round  or  oval,  and  occasionally 
branched  and  stellate.  In  the  hy- 
aline forms  they  are  usually  large 
Fibroiu)  EncUondroma.  and  round  or  oval  (Fiff.  3i)  •  in 
the  fibrous  forms  they  are  often 
smaller  and  even  somewhat  spindle-shaped,  more  re- 
sembling those  of  connective  tissue;  and  in  the  rarer 
mucoid  forms,  they  are  more  commonly  stellate  and 
branched,  like  those  of  the  umbihcal  cord.  They  are 
either  single  or  arranged  in  groups,  and  are  usually  sur- 
rounded by  a  capsule,  as  in  normal  cartilage,  although 
this  is  often  very  indistinct.  They  enclose  one  or  more 
nuclei  and  slightly  granular  contents  ;  sometimes  a  cell- 
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wall  cannot  be  distinguished.  In  addition  to  the  inter- 
cellular substance,  the  growth  is  usually  divided  into 
several  lobes  by  bands  of  fibrous  tissue,  in  which  are  con- 
tained the  blood-vessels. 
These  lobes  are  often 
very  distinct,  so  that  the 
growth  appears  to  be 
made  up  of  several  sepa- 
rate tumours.  The  fibrous 
tissue  in  most  cases  also 
encapsules  the  growth, 
and  separates  it  from  the 
surrounding  structures, 
although  sometimes  this 
encapsulation  is  absent, 
and  the  tumour  is  sur- 
rounded by  a  zone  of  embryonic  cells,  which  infiltrate  the 
adjacent  tissues. 

Developme NT . — The  enchondr omata  m o st  frequently  ori- 
ginate from  bone  and  common  connective  tissue,  very  rarely 
from  cartilage.  Cartilage  itself,  and  especially  fibrous 
cartilage,  is  very  closely  allied  to  common  connective 
tissue.  It  grows  from  the  deeper  layers  of  the  perichon- 
drium, which  jjroliferate  and  form  an  embryonic  tissue  ; 
the  young  cells  become  cartilage-cells,  and  these  pro- 
bably form  the  matrix,  which  is  either  homogeneous  or 
fibrillated,  constituting  in  the  one  case  hyaline,  and  in 
the  other  fibrous  cartilage.  The  development  of  enchon- 
droma  from  connective  tissue  is  precisely  similar  to  the 
physiological  progress. 

In  the  development  of  enchondroma  f rom  osseous  tissue, 
the  medulla  is  the  source  of  the  new  growth.  This  pro- 
liferates, the  osseous  trabeculaa  are  absorbed,  the  neigh- 
bouring medullary  spaces  open  one  into  the  other,  and  in 
this  manner  a  large  medullary  cavity  is  produced.  In  the 
centre  of  this,  the  young  cells  first  formed  enlarge  and 
become  separated  by  a  homogeneous,  or  less  frequently, 
slightly  fibrillated  intercellular  substance,  and  thus  is 
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produced  a  mass  of  cartilage  in  the  centre  of  the  medul- 
lary tisstie.  This  gradually  increases  till  ultimately  a 
layer  of  fibrous  tissue  is  formed  around  it,  and  its  further 
growth  takes  place  from  the  tissue  of  its  capsule. 

Lastly,  cartilaginous  growths  may  originate  from  carti- 
lage itself.  These  are  sometimes  seen  on  the  surface  of  the 
articular  cartilages,  in  the  larynx  and  trachea,  and  on  the 
costal  and  intervertebral  cartilages.  They  are  simply 
local  outgrowths  from  pre-existing  cartilage.  They  rarely 
attain  a  large  size,  and  in  structure  and  physical  charac- 
ters more  closely  resemble  normal  cartilage  than  the  other 
forms  of  enchondroraa.  They  are  usually  described  as 
enchondroses,  and  must  be  distinguished  from  the  other 
forms  of  cartilaginous  tumour. 

Secondaby  Changes. — Of  these,  calcification  is  much 
the  most  common.  It  affects  different  parts  of  the 
growth,  commencing  in  the  capsules,  and  then  involving 
the  intercellular  substance.  Ossification  also  occasionally 
occurs ;  it  commences  at  separate  centres,  and  spiculae 
of  bone  are  formed  which  traverse  the  tumour  in  various 
directions.  Fatty  degeneration  and  mucoid  softening  are 
common  changes,  and  may  lead  to  the  formation  of  large 
softened  masses  which  present  the  appearance  of  cysts. 
In  rare  cases  the  skin  covering  the  tumour  ulcerates,  and 
a  fungating  mass  protrudes. 

Yakieties. — The  varieties  of  enchondroma  depend 
mainly  upon  the  nature  of  the  intercellular  substance. 
There  are  thus  hyaline,  fibrous,  and  mucoid  enchondro- 
mata;  these,  however,  are  usually  combined  in  various 
degrees  in  the  same  tumour.  As  a  rule,  those  originating 
from  the  medulla  of  bone  are  of  the  hyaline  and  mucoid 
class,  whilst  those  originating  from  connective  tissue  in 
other  situations  are  more  frequently  fibrous.  The  rapidly- 
growing  fibrous  forms  approach  very  closely  the  confines 
of  the  sarcomata,  the  mucoid  forms  the  confines  of  the 
myxomata;  and  these  two  kinds  of  growth  are  often 
associated  in  the  same  tumour. 

A  variety  of  enchondroma  has  been  described  under 
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the  name  of  osteo-clwndroma,  wLicli  in  structure  more 
closely  resembles  bone  than  cartilage.    It  consists  of  a 
tissue  similar  to  that  met  with  between  the  periosteum 
and  bone  in  rickets,  which  from  its  resemblance  to  osseous 
has  been  caHed  osteoid  tissue.    This  tissue  only  requires 
calcifying  to  become  true  bone.    Like  bone  it  is  made  up 
of  trabeculte  and  medullary  spaces,  but  the  trabeculae, 
instead  of  bone-corpuscles  and  lamellaa,  consist  of  smaU 
angular  ceUs  mthout  a  capsule,  situated  in  an  obscurely 
fibriUated  matrix,  which  in  part  is  calcified.    The  medul- 
lary spaces  contain  a  fibrous  stroma  and  many  blood-ves- 
sels. The  osteo-chondromata,  although  consisting  mainly 
of  this  osteoid  tissue,  contain  also  a  small  proportion  of 
cartilage.    They  originate  beneath  the  periosteum,  their 
common  seat  being  the  ends  of  the  long  bones.  Their 
growth  is  very  rapid,  and  they  often  attain  an  enormous 
size.    They  are  much  more  freely  supplied  with  blood- 
vessels than  the  ordinary  enchondromata,  and  hence  they 
are  much  less  frequently  the  seats  of  retrogressive  changes. 
They  are  especially  prone  to  become  ossified  and  converted 
into  true  bone. 

Physical  Chabacteks,  &c.— The  enchondromata  occur 
most  frequently  in  early  life.    About  three-foui-ths  of 
them  are  met  with  in  the  osseous  system,  where  they 
grow  either  from  the  medulla  or  from  the  periosteum. 
Their  favourite  seat  is  the  fingers  and  toes.    The  remain- 
ing fourth  occur  most  frequently  in  the  parotid  gland 
and  in  the  testicle.    They  occasionally  grow  in  the  iater- 
muscalar  septa,  in  the  subcutaneous  cellular  tissue  of 
the  mamma,  and  in  the  lungs.    They  are  usually  single, 
except  when  occurring  on  the  fingers  and  toes,  in  which 
situations  they  are  more  frequently  multiple.    They  con- 
sist of  a  single  tumour,  or  of  several  smaller  tumours 
held  together  by  fibrous  tissue.  The  more  slowly  growing 
enchondromata  are  hard,  smooth,  elastic  tumours,  often 
lobulated,  and  seldom  exceeding  the  size  of  an  orange. 
Less  frequently  these  tumours  grow  very  rapidly,  are 
quite  soft  in  consistence,  and  attain  a  large  size. 
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Clinical  Chakactebs— The  enchondromata  must  for 
tlie  most  part  be  regarded  as  innocent  growths.  They 
are  usually  encapsuled,  and  in  most  cases  produce  merely 
local  effects,  although  these,  from  the  parts  involved  and 
the  rapidity  of  growth,  are  often  very  injurious.  The 
softer  forms,  however,  and  especially  those  which  occur 
in  the  medulla  of  bone  and  in  glands,  occasionally  ex- 
hibit malignant  characters.  These  grow  the  most  rapidly, 
and  are  often  not  limited  by  a  fibrous  capsule,  but  sur- 
rounded by  a  zone  of  embryonic  tissue.  Such  tumours 
tend  to  recur  locally  after  removal,  and  in  rare  cases  also 
infect  the  lymphatic  glands,  and  are  reproduced  in  the 
lungs.  In  speaking  of  the  malignancy  of  these  enchon- 
dromata,  it  must  be  borne  in  mind  that  they  are  some- 
times associated  with  sarcoma,  and  the  malignant  pro- 
perties are  probably  in  all  cases  to  be  ascribed  to  the 
combination  of  sarcomatous  with  the  cartilaginous 
elements. 


CHAPTER  XVI. 


THE  OSTEOMATA. 

The  Osteomata,  or  osseous  tumours,  are  tumours  consist- 
ing of  osseous  tissue.  A  new  formation  of  bone  occurs 
under  various  circumstances.  Irritative  conditions  of  tlie 
bone  and  periosteum  are  often  attended  by  a  large  forma- 
tion of  new  bone.  This  is  seen  after  fractures,  in  wbicb. 
tbere  is  not  only  a  formation  of  bone  from  the  bone 
itself,  but  also  from  the  periosteum  and  adjacent  fibrous 
structures  ("permanent  "and  "provisional  callus"). 
Chronic  inflammation  of  the  periosteum  is  also  fre- 
quently followed  by  thickening  of  the  bone  beneath  it. 
These,  however,  are  inflammatory  formations,  and  have 
not  an  independent  growth  like  the  osseous  tumours. 

Structtjiie. — Osseous  tumours  resemble  in  structure 
normal  bone.    There  are  three  histological  varieties  : — 

1.  The  Ehtirnated  Osteomata. — These  consist  of  dense, 
compact,  osseous  tissue.  The  lamellae  are  arranged  con- 
centrically and  parallel  to  the  surface  of  the  tumour. 
There  is  a  complete  absence  both  of  blood-vessels  and  of 
cancellous  tissue. 

2.  The  Compact  Osteomata. — These  are  formed  of  a 
tissue  similar  to  that  of  the  compact  tissue  of  the  long 
bones ;  differing  only  in  the  arrangement  of  the  Haver- 
sian canals  and  canaliculi,  whicli  is  less  regular  than  in 
normal  bone. 

3.  The  Gancelloiis  Osteomata. — These  consist  of  cancel- 
lous osseous  tissue,  which  is  usually  surrounded  by  a  thin 
layer  of  denser  bone.  The  medullary  spaces  may  contain 
embryonic  tissue,  a  fibrillated  tissue,  or  fat. 
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Development. — Osseous  tumours  originate  from  bone 
or  its  periosteum,  from  cartilage,  and  from  connective 
tissue  apart  from  bone. 

Yauieties. — The  osteomata  are  divisible  into  two 
classes,  according  to  tbeir  seat — tbe  bomologous  osteo- 
mata or  exostoses,  and  the  heterologous  osteomata  or 
osteophytes. 

The  homologous  osteomata  or  exostoses,  are  outgrowths 
from  pre-existing  bone,  growing  either  from  the  peri- 
osteum, from  the  articular  cartilage,  or  from  the  medulla. 
Those  growing  from  the  periosteum  occur  most  fre- 
quently on  the  external  and  internal  surfaces  of  the 
skull :  the  orbit  is  an  especially  favourite  seat,  and  here 
they  are  often  dense  and  eburnated.  They  are  also  met 
with  on  the  scapular,  pelvis,  and  on  the  upper  and  lower 
jaws.  In  the  last-named  situation  they  may  grow  from 
the  dental  periosteum.  There  is  usually  a  line  of  demar- 
cation between  them  and  the  subjacent  bone,  the  new 
tissue  of  the  tumour  being  distinct  from  the  compact 
tissue  of  the  bone.  The  periosteum  from  which  they 
grow  covers  them,  and  is  contiauous  with  that  of  the  old 
bone. 

The  exostoses  growing  from  the  articular  cartilages 
occur  at  the  ends  of  the  long  bones.  In  structure  they 
are  much  more  cancellous  than  the  periosteal  growths, 
and  their  outline  is  less  regular.  The  medullary  exostoses 
— or  more  properly,  enostoses — are  the  least  frequent : 
they  originate  in  the  medullary  tissue. 

The  heterologous  osteomata  or  osteophytes,  originate 
apart  from  bone,  grovring  from  connective  tissue.  They 
are  especially  liable  to  occur  in  tissues  in  the  neighbour- 
hood of  bones  which  are  the  seat  of  a  chronic  iuliam- 
matory  process,  and  they  must  in  most  cases  be  regarded 
rather  as  inflammatory  formations  than  as  tumours. 
Such  formations  of  bone  are  sometimes  met  with  in  the 
neighbourhood  of  diseased  joints  and  of  diseased  bone  in 
other  situations,  in  tendons,  in  the  cartilages  of  the 
larynx  in  chronic  laryngitis,  in  the  costal  cartilages,  in 
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tte  bronclii,  in  muscle,  in  the  araclinoid  aad  pia  mater, 
and  even  very  occasionally  in  tlie  lungs  and  bram.  They 
must  be  distinguished  from  calcareous  deposits,  in  which 
there  is  no  new  formation.  (See  "  Calcareous  Degene- 
ration.") 

Clinical  Chakacteks.— The  osteomata  are  pertectly 
innocent  tumours.  Their  growth  is  very  slow.  They 
rarely  attam  a  large  size.  They  are  often  hereditary  and 
multiple,  in  which  case  they  usually  occur  in^  early  life. 
These  osseous  growths  which  sometimes  exhibit  malig- 
nant characters,  are  enchondromata  or  sarcomata  which 
have  undergone  partial  ossification.  From  these,  true 
osteomata  must  be  carefully  distinguished.  (See  "  Os- 
teoid Sarcoma.") 


CHAPTER  XVII. 


THE  MYXOMATA. 

The  myxomata  are  tumours  consisting  of  mucous  tissue. 
Mucous  tissue  is  a  translucent  aud  succulent  connective 
tissue,  the  intercellular  substance  of  which  yields  mucin. 
Physiologically,  this  tissue  is  met  with  in  two  forms,  and 
in  two  situations  : — one— in  the  vitreous  body  of  the  eye, 
in  which  the  cells  are  roundish  and  isolated;  the  other — 
in  the  umbilical  cord,  in  which  the  cells  are  fusiform  or 
stellate,  and  give  off  fine  prolongations  which  anastomose 
with  one  another.  In  both,  the  intercellular  substance  is 
homogeneous  and  yields  mucin.  The  connective  tissues 
in  their  embryonic  condition,  as  already  stated  when 
describing  "  mucoid  degeneration,"  possess  an  inter- 
cellular substance  containing  large  quantities  of  mucin. 
This  is  especially  the  case  with  the  tissue  which  subse- 
quently becomes  adipose.  New  formations  may  undergo 
a  mucoid  change,  and  thus  closely  resemble  in  their  phy- 
sical and  chemical  characters  the  myxomata.  A  myxoma, 
however,  is  a  growth  which  consists  of  mucous  tissue. 
The  myxomata  are  thus  very  closely  allied  to  the  sarco- 
mata, and  by  many  are  included  in  the  same  class  of  new 
formations. 

Structuke. — The  cells  present  the  two  varieties  met 
with  in  the  physiological  tissues.  The  majority  arc 
angular  and  stellate,  with  long  anastomosing  prolonga- 
tions. (Mg.  35.)  Others  are  isolated,  and  fusiform, 
oval,  or  spherical  in  shape.  They  usually  possess  one, 
in  some  cases  two  distinct  nuclei.    Their  contour  is  very 
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indistinct,  owing  to  the  refracting  natiire  of  the  inter- 
cellular substance.  The  latter  is  very  abundant,  per- 
fectly homogeneous,  of  a  soft  gelatiniform  viscid  con- 
sistence, and  yields  large  quantities  of  mucin :  amongst 


riG.  35. 


Myxoma.  A  minute  piece  of  a  myxoma  of 
the  arm,  showing  the  characteristic  branched 
anastomosing  cells.  There  are  alsp  a  few- 
leucocytes,  and  one  or  two  spindle-shaped 
elements,    x  200. 

it  are  a  varying  number  of  amoeboid  cells.  The  blood- 
vessels, vsrhich  are  not  numerous,  are  readily  visible  and 
easily  isolated.  A  few  elastic  fibres  are  sometimes  seen 
between  the  cells. 

Development. — The  myxomata  always  originate  from 
one  of  the  connective  tissues.  Adipose  tissue  is  their 
most  favourite  seat— either  the  subcutaneous,  the  sub- 
mucous, or  the  inter-muscular  adipose  tissue.  They  also 
grow  from  the  medullary  tissue  of  bone,  the  connective 
tissue  of  organs,  from  the  connective  tissue  of  the  brain 
and  spinal  cord,  and  from  the  sheaths  of  nerves. .  They 
are  usually  separated  from  the  surrounding  structures  by 
a  very  thin  fibrous  capsule,  fine  prolongations  from  which 
divide  the  growth  into  lobules  of  various  sizes.  In  ex- 
ceptional cases  they  may  increase  by  the  continuous 
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invasion  of  their  matrix.    Their  growth  is  usually  slow, 
but  they  may  attain  an  enormous  size. 

Secondary  Changes.— Of  these  the  most  common  is 
rupture  of  the  capillaries,  haemorrhage,  and  the  formation 
of  sanguineous  cysts  ;  this,  however,  is  less  frequent  than 
in  the  sarcomata.  The  cells  themselves  may  undergo 
mucoid  or  fatty  degeneration,  and  thus  be  destroyed: 
this  is  usually  accompanied  by  liquefaction  of  the  inter- 
cellular substance. 

Yabieties. — The  varieties  of  myxoma  depend  prin- 
cipally upon  its  combination  with  other  growths.  The 
most  common  is  a  combination  with  lijDoma.  Combina- 
tions with  sarcoma,  enchondroma,  and  adenoma,  are  also 
frequently  met  with. 

Phtsical  Chauacteus,  &c.— The  myxomata  are  of  a 
pecuHar  soft  gelatiniform  consistence,  and  of  a  pale 
greyish  or  reddish-white  colour.  Their  cut  surface  yields 
a  tenacious  mucilaginous  liquid,  in  which  may  be  seen 
the  cellular  elements  of  the  growth.  They  are  most  fre- 
quently met  with  in  the  later  pei-iods  of  life.  Growing 
from  the  sheaths  of  nerves,  they  constitute  one  variety 
of  so-called  neuroma.  They  may  also  grow  fi-om  the 
placenta,  constituting  the  "uterine  hydatids."  When 
situated  in  superficial  parts  they  may  become  peduncu- 
lated. In  the  submucous  tissue  of  the  nose  they  consti- 
tute one  form  of  nasal  polypus. 

Clinical  Chabacters.— Clinically  the  myxomata  are 
for  the  most  part  benign  growths.  If  completely  removed 
they  rarely  recur.  Sometimes,  however,  they  exhibit 
malignant  characters,  and  recur  locally  after  removal. 
They  probably  never  reproduce  themselves  in  internal 
organs.  In  speaking  of  their  malignancy  their  occasional 
association  with  sarcoma  must  be  borne  in  mind. 


CHAPTER  XVIII. 


THE  LYMPHOMATA. 

Lymphoma,  or  Lympliadenoma,  is  a  new  formation 
consisting  of  lymphatic,  or  as  it  is  sometimes  called, 
adenoid  tissue  (the  "  adenoid  tissue"  of  His).  Lym- 
phatic tissue  is  the  tissue  composing  the  follicles  of 
the  lymphatic  glands  and  the  Malpighian  corpuscles 
of  the  spleen,  and  existing  in  many  other  parts  be- 
longing to  the  lymphatic  system.  This  tissue  is  now 
known  to  have  a  much  more  general  distribution  than 
was  formerly  supposed;  it  not  only  constitutes  the  fol- 
licles of  the  lymphatic  glands  and  the  Malpighian  corpus- 
cles of  the  spleen,  but  also  Peyer's  glands  and  the  solitary 
glands  of  the  intestine,  the  follicles  of  the  pharynx  and 
tonsils,  the  Thymus  gland,  and  the  trachoma  glands  of 
the  conjunctiva.  Egcently  it  has  also  been  found  to  exist 
in  many  other  situations,  as  around  the  blood-vessels  of 
the  pia  mater  and  of  other  parts,  in  the  neighbourhood 
of  the  smallest  bronchi,  in  the  pleura  immediately  be- 
neath its  endotheUum,  in  the  peritoneum,  in  the  mucous 
membrane  of  the  alimentary  canal,  and  in  the  medulla  of 
bone. 

Stuuctuke. — Lymphatic  tissue,  wherever  it  exists,  pos- 
sesses the  same  general  structure,  and  the  follicle  of  a 
lymphatic  gland  may  be  taken  as  the  type,  not  only  of 
the  physiological  tissue,  but  also  of  the  pathological 
growths. 

This  tissue  consists  essentially  of  a  delicate  reticulum, 
within  the  meshes  of  which  are  contained  numerous 
lymphatic  elements— the  so-called  lymph-corpuscles.  The 
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reticulum  is  made  up  of  very  fine  fibrils  wkich  form  a 
close  network,  the  meshes  of  which  are  only  sufficiently 
large  to  enclose  a  few,  or  even  a  single  corpuscle,  in  each. 
The  fibrils  usually  present  a  more  or  less  homogeneous 
appearance,  and  nuclei  are  often  to  be  distinguished  at  the 
angles  of  the  network  (Fig.  36).    The  lymphatic  cells,  or 

Tig.  36. 


Lymphoma. — A  thin  section  of  a  lymphomatous 
tumour  of  the  mediastinum,  from  which  most  of 
the  cells  have  been  removed  by  pencilling.  Show- 
ing tlie  reticulated  network,  and  the  nuclei  in  its 
angles.  This  netwoi'k  is  much  coarser  than  that 
often  met  with,    x  200. 

lymph-corpuscles,  which  constitute  the  greater  part  of  the 
tissue,  can  in  most  cases  be  readily  removed  from  the 
meshes  of  the  reticulum  by  the  agitation  of  thin  sections 
in  water.  They  are  identical  in  their  characters  with  the 
white  cells  of  the  blood.  As  usually  seen  after  death,  they 
are  spheroidal,  pale,  semi-transparent  bodies,  varying 
considerably  in  size,  and  also  presenting  slight  differences 
in  their  structure.  Some  are  granular,  and  appear  to 
possess  no  nucleus  ;  in  others,  a  distinct,  simple,  or  com- 
pound nucleus  is  visible,  which  is  usually  also  granular  ; 
others  again  are  much  larger,  and  contain  two  or  even 
three  nuclei.    (Fig.  37). 

The  histological  characters  of  the  lymphomata,  how- 
ever, vary  considerably,  according  to  the  age  of  the  growth 
and  the  rapidity  of  its  development.  In  the  earlier  stages 
of  development,  and  when  growth  is  taking  place  very 
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rapidly,  the  proportion  of  cells  is  great,  and  many  of 
these  are  mucli  larger  than  those  normally  met  with  in 

Fig.  37. 

'D  ^ 

Cells  from  a  Lymphatic  Groioth  in  the  Liver. 
Those  to  the  left  are  the  ordinary  lymph- 
corpuscles  which  constituted  the  greater  part 
of  the  growth.  To  the  right  are  some  of  the 
larger  elements,    x  350. 

lymphatic  glands,  containing  two,  or  even  more,  nuclei. 
In  a  more  advanced  stage,  and  also  in  all  tumours  in 
which,  tlie  process  of  development  has  been  slow,  th.e  pro- 
portion of  cells  is  smaller,  and  the  reticulum  constitutes 
a  more  prominent  part  of  the  growth.  (Fig.  38.)  The 


Fig.  38. 


Lymphoma. — Section  of  a  firm  lymphoma  of 
the  mediastiuiim.  Showing  a  very  thickened 
reticulum,  within  the  meshes  of  which  the 
lymphoid  cells  are  grouped,    x  200. 

larger  cell-forms  also  are  almost  entirely  wanting ;  and 
the  reticulum,  instead  of  being  exceedingly  delicate,  is 
much  coarser,  and  forms  a  network  of  broad  homogeneous 
or  slightly  fibrillated  bands.  As  the  reticulum  increases 
the  lymph  corpuscles  gradually  diminish  in  number  and 
become  arranged  in  smaller  groups  within  its  meshes. 
(See  Fig.  28.)    These  variations  in  the  proportion  of 
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corpuscles  and  stroma  are  precisely  analogous  to  tliose 
met  with,  in  lymphatic  glands  as  the  result  of  acute  and 
chronic  inflammation.  (See  "  Inflammation  of  Lymphatic 
Structures.") 

Deyelopment. — The  lymphomata  originate  for  the  most 
part  from  lymphatic  tissue,  being  simply  overgrowths  of 
pre-existing  lymphatic  structures.  They  are,  therefore, 
usually  homologous.  They  may,  towever,  be  heterologous, 
either  owing  to  the  new  tissue  extending  considerably  be- 
yond the  confines  of  the  old,  or  to  its  growth  in  situations 
where  it  is  normally  almost  entirely  wanting.  This  latter 
condition  obtains  in  Hodgkin's  disease,  and  in  certain 
forms  of  lymphoma  which  are  malignant. 

Secondaky  Changes.- — The  lymphomata  do  not  un- 
dergo marked  retrograde  changes.  There  is  no  fatty  de- 
generation, caseation,  or  softening,  such  as  occurs  in 
scrofulous  glands. 

Physical  Chakacters,  &c. — The  physical  characters  of 
the  lymphomata  vary  according  to  the  rapidity  of  their 
growth.  The  rapidly-growing  forms,  in  which  the  cellu- 
lar elements  are  so  numerous,  are  of  a  greyish-white 
colour  and  soft  brain-like  consistence,  much  resembling 
encephaloid  cancer.  These  often  attain  an  enormous  size, 
and  infiltrate  the  neighbouring  structures.  They  have 
been  called  by  Virchow  lymplio-sarcuma.  Those  which 
are  more  slowly  developed,  and  in  which  the  reticulum 
constitutes  the  greater  portion  of  the  growth,  are  much 
harder  in  consistence,  sometimes  being  almost  carti- 
laginous. These  harder  growths  rarely  attain  a  large 
size. 

Clinical  Chaeacteks.— Clinically,  the  lymphomata 
are,  for  the  most  part,  perfectly  innocent  tumours.  They 
originate  most  frequently  in  the  lymphatic  glands,  the 
gland  undergoing  a  continuous  increase  in  size.  Some- 
times the  enlargement  of  the  glands  appears  in  the  first 
place  to  be  of  an  inflammatory  nature,  and  to  result  from 
some  irritation,  but  upon  this  being  removed  the  glands, 
instead  of  subsiding,  continue  to  increase.    In  most  cases 
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however,  no  sucli  source  of  irritation  is  _  discoverable. 
The  glands  which  are  especially  prone  to  this  disease,  are 
the  cervical,  the  submaxillary,  the  axillary,  the  inguinal, 
the  bronchial  and  mediastinal,  and  the  abdominal  glands. 
Usually  only  a  single  gland  or  a  single  group  of  glands  is 
affected ;  sometimes,  however,  the  growth  is  more  general. 
As  the  glands  enlarge,  they  gradually  unite,  so  that 
ultimately  they  may  form  very  large  lobulated  tumours. 
When  occurring  in  the  mediastinum  they  may  invade 
one  or  both  lungs,  and  they  constitute  here  the  most 
common  form  of  mediastinal  tumour  (so-called  "  Thoracic 
Cancer").  The  lymphatic  structures  in  the  intestine  may 
in  the  same  way  become  enlarged,  and  project  so  as  to 
form  polypi.  The  enlargement  of  the  spleen  in  ague, 
is  also  probably  of  the  same  nature. 

The  lymphomata  occasionally,  however,  exhibit  malig- 
nant properties.  This  is  especially  the  case  in  those 
richly  cellular,  soft,  rapidly-growing  forms  which  are 
sometimes  met  with.  Such  growths  may  rapidly  infil- 
trate the  surrounding  structures,  involve  the  neighbouring 
lymphatic  glands,  and  even  infect  distant  parts.  It  is  to 
these  malignant  forms  that  the  term  lymphadenoma  is 
commonly  appUed.  They  probably  correspond  with 
Virchow's  lympho-sarcoma. 

In  the  condition  known  as  "  Hodgkin's  Disease,"  and 
in  Leukgemia,  lymphomatous  growths  are  met  with  in 
various  parts  of  the  body. 

hodgkin's  disease. 

This  disease  is  characterised  by  the  enlargement  of  the 
lymphatic  glands  in  various  parts  of  the  body,  together 
with  the  development  of  lymphatic  growths  in  in- 
ternal organs,  especially  in  the  spleen  and  liver.  The 
new  growths  are  precisely  similar,  histologically,  to 
lymphoma. 

I  The  disease  was  formerly  described  by  Hodgkin,  Bright, 
Wilks,  and  Trousseau,  and  was  called,  af  terthe  first-named 
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of  these  observers,  "Hodgkin's  Disease."  Trousseau  desig- 
nated it  "  Adenie."  It  is  also  known  as  "  Anaemia  Lym- 
phatica."  Eecently  its  characteristics  have  been  more 
fully  determined  by  MM.  Cornil  and  Eanvier,  and  by 
Drs.  Murchison*  and  Sanderson,  to  whose  descriptions 
the  reader  is  referred  for  more  complete  information 
respecting  it. 

Histologically,  the  new  growths  are  precisely  similar  to 
those  met  with  in  leukaemia.  The  disease  differs  essen- 
tially, however,  from  leukeemia  in  this  respect,  that  the 
new  formation  of  lymphatic  tissue  is  not  associated  with 
any  notable  increase  in  the  number  of  the  white  cor- 
puscles in  the  blood. 

The  lymphatic  glands  are  usually  the  earliest  seats  of 
the  new  growth,  and  here  it  difi'ers  in  no  respect  histo- 
logically from  the  lymphomata.  At  first  it  may  be 
limited  to  a  single  group  of  glands ;  subsequently,  how- 
ever, the  process  becomes  more  general,  and  the  glands 
throughout  the  whole  body  may  be  more  or  less  involved. 
The  glands  as  they  increase  in  size  gradually  become 
confluent,  so  as  to  form  large  lobulated  tumours,  and  the 
new  growth,  which  takes  place  in  the  earlier  stages  within 
their  capsules,  often  ultimately  extends  so  as  to  infiltrate 
the  surrounding  structures. 

This  new  growth  of  lymphatic  tissue,  which  commences 
in  and  often  extends  beyond  the  confines  of  the  lymphatic 
glands,  is  ultimately  followed  by  the  formation  of  lym- 
phatic growths  in  various  internal  organs,  but  more  es- 
pecially in  the  spleen  and  hver.  In  the  spleen,  the  Mal- 
pighian  corpuscles  become  enlarged  and  form  greyish- 
Avhite  nodules  and  masses.  The  kidneys,  lungs,  stomach, 
muscle,  bones,  and  subcutaneous  tissue  may  all  become 
involved,  the  new  growths  occurring  either  as  nodules  of 
various  sizes  scattered  through  the  organs,  or  in  a  more 
infiltrated  form,  like  many  of  those  met  with  in  leu- 
kasmia. 


*  "  Trans.  Path.  See.  Lond.,"  vols.  xx.  and  xxi. 
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In  their  physical  characters  the  new  growths  vary. 
They  are  sometimes  of  a  greyish-white  colour  and  of  a 
soft  brain-like  consistence,  yielding  a  milky  juice  which  is 
rich  ia  cellular  elements  precisely  resembling  leucocytes. 
In  other  cases  they  are  much  firmer  in  consistence,  and 
they  may  be  as  hard  as  an  indurated  lymphatic  gland. 
These  differences  depend  upon  the  relative  proportions  of 
the  cells  and  stroma.  They  have  but  little  tendency  to 
undergo  retrogressive  changes. 

LEUKEMIA. 

This  disease,  like  Hodgkin's  disease,  is  characterised 
by  the  development  of  lymphomatous  tissue  in  various 
organs,  but  especially  in  the  spleen.  The  growth  of  this 
new  tissue,  however,  is  associated  with  a  large  increase  in 
the  number  of  the  white  corpuscles  in  the  blood.  It  is 
this  alteration  in  the  blood  which  gives  leukasmia  its  dis- 
tinctive characters — hence  its  name.  The  disease  will  be 
considered  subsequently,  when  treating  of  "  Diseases  of 
the  Blood." 


CHAPTER  XIX, 


THE  MYOMATA,  NEtJEOMATA,  AND  ANGIOMATA, 

THE  MYOMATA. 

The  myomata  are  tumours  consisting  of  muscular  tissue. 
A  new  formation  of  muscle  has  been  already  described 
as  being  frequently  associated  witli  the  ordinary  process 
of  hypertrophy,  both  of  striated  and  of  non-striated 
muscle— a  simple  hyperplasia  of  the  elements  of  the 
muscle  accompanying  the  increase  in  their  size.  (See 
"Hypertrophy.") 

Structure. — The  myomata  consist  either  of  striated  or 
of  non-striated  muscle.  The  former  are  exceedingly  rare, 
only  two  or  three  examples  having  been  recorded,  and 
these  were  congenital. 

The  myomata  of  non- striated  muscle  consist,  like  the 
physiological  tissue,  of  elongated  spindle-cells  with  rod- 
shaped  nuclei,  more  or  less  isolated  or  grouped  into  fas- 
ciculi of  various  sizes,  with  a  varying  quantity  of  con- 
nective tissue.  The  connective  tissue  is  often  exceedingly 
abundant,  especially  in  old  tumours,  so  much  so,  that 
these  growths  in  the  uterus — where  they  most  freqiiently 
QQQxiiX — have  commonly  been  known  as  "fibroid"  tumours. 
The  muscular  elements  either  present  a  more  or  less 
regular  arrangement,  or  pass  in  all  directions  through 
the  tumour.  The  blood-vessels,  which  are  usually  not 
numerous,  are  distributed  in  the  connective  tissue. 

Development. — The  myomata  probably  always  origi- 
nate from  muscle,  they  are,  therefore,  homologous  growths. 
They  may  form  distinctly  circumscribed  tumours  sur- 
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rounded  by  a  fibrous  capsule,  or  constitute  ill-defined 
irregular  masses  in  tbe  midst  of  tbe  muscular  tissue  in 
which  they  grow.  They  not  infrequently  become  pedun- 
culated and  form  polypi,  especially  in  the  uterus. 

Secondaey  Changes— Of  these,  the  most  frequent  is 
calcitication.  Hfemorrhage,  mucoid  softening,  and  the 
formation  of  cysts,  are  also  occasionally  met  with. 

Myomata  are  most  frequently  met  with  in  the  uterus. 
They  may  also  occur  in  the  prostate,  in  the  oesophagus, 
and  in  the  stomach  and.  intestines. 

Myoma  of  Uterus.— The  uterus  is  by  far  the  most  fre- 
quent seat  of  myomata,  and  here  they  constitute  the  so- 
called  "uterine  fibroid."  In  most  of  these  muscular 
tumours  of  the  uterus  there  is  a  large  proportion  of 
connective  tissue — hence  the  term  "fibroid."  This  is 
especially  the  case  in  older  growths.  Those  newly  deve- 
loped, however,  consist  almost  entirely  of  true  musoiilar 
tissue.  They  either  form  firm  hard  masses,  imbedded  in 
the  uterine  walls,  or  project  into  the  uterine  or  abdominal 
cavities.  When  projecting  into  the  uterus  they  consti- 
tute a  common  form  of  uterine  polypus.  These  tumours 
are  often  multiple.  Their  growth  is  slow.  The  older 
ones  are  liable  to  become  calcified.  They  also  sometimes 
undergo  mucoid  softening  which  gives  rise  to  the  forma- 
tion of  cysts  in  the  tumour. 

Clinical  Ohahacters. — Clinically,  the  myomata  are 
perfectly  innocent. 

THE.NEUHOMATA, 

The  neuromata  are  tumours  consisting  almost  entirely 
of  nerve-tissue.  The  term  "  neuroma"  has  been  applied 
to  many  growths  found  in  connection  with  nerves : — 
fibrous,  myxomatous,  and  gummy  tumours  growing  with- 
in the  nerve-sheath  have  been  included  under  this  head. 
True  neuroma,  however,  is  rarely  met  with,  and  is 
amongst  the  least  frequent  of  all  the  new  formations. 

Struct UKE. — The  neuromata  most  commonly  consist 
of  ordinary  medullated  nerve-fibres ;  they  therefore  re- 
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semble  in  structure  tte  cerebro-spinal  nerves,  from  wliich 
tliey  most  frequently  grow.  The  nerve-fibres  are  asso- 
ciated with  more  or  less  connective  tissue.  "Virchow  has 
also  described,  as  exceedingly  rare  formations,  tumours 
composed  of  non-meduUated  fibres,  and  of  ganglionic 
nerve-tissue. 

Development. — The  neuromata  always  originate  from 
pre-existing  nerve-tissue, — either  from  the  cranial  or  from 
the  spinal  nerves.  Their  growth  is  slow,  they  rarely 
attain  a  large  size,  but  usually  exist  as  small  single 
nodules. 

The  most  frequent  seat  of  these  growths  is  the  extre- 
mities of  divided  nerves,  where  they  are  sometimes  found 
after  amputations.  They  exist,  in  this  situation,  as  sphe- 
rical or  elongated  enlargements  of  the  divided  extremity 
of  the  nerve ;  and  they  are  usually  intimately  connected 
with  the  cicatricial  tissue  of  the  stump,  from  which  they 
can  only  with  difficulty  be  isolated.  They  may  also  occur 
in  the  course  of  the  nerves  in  any  situation,  either  as 
single  or  multiple  nodules. 

Clinical  Charactees. — Clinically,  the  neuromata  are 
perfectly  innocent  tumours.  They  often  cause  consider- 
able pain. 

THE  ANGIOMATA. 

The  angiomata,  or  vascular  tumours,  are  tumours  con- 
sisting of  blood-vessels  held  together  by  a  small  amount 
of  connective  tissue.  They  include  the  various  forms  of 
ngevi,  the  erectile  tumours,  and  aneurism  by  anastomosis. 
They  may  be  divided  into  two  classes — the  simple  angio- 
mata, in  which  the  new  vessels  resemble  normal  arteries, 
veins,  or  capUlariea ;  and  the  cavernous  angiomata,  in 
which  the  blood  circulates  in  a  cavernous  structure  similar 
to  that  of  the  corpus  cavernosum  penis. 

Simple  Angiomata. — These  include  the  various  forms 
of  nasvi,  and  telangiectasis.  They  consist  of  tortuous  and 
dilated  blood-vessels,  held  together  by  a  small  quantity 
of  connective  and  adipose  tissue.    The  vessels  are  most 
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of  them  of  new  formation ;  some,  however,  may  be  the 
original  vessels  of  the  part  which  have  become  consider- 
ably enlarged.  They  most  commonly  partake  of  the 
nature  of  capillaries,  but  in  other  cases  the  arterial  or 
venous  characters  predominate.  These  growths  are 
usuaUy  small,  superficial,  slightly  elevated  masses; 
although  they  sometimes  form  larger  tumours.  Their 
colour  is  red,  violet,  or  purple,  according  to  the  character 
of  the  blood  which  they  contain.  The  first-named  is 
much  the  most  frequent. 

Cavernous  Angiomata.— These  include  the  venous 
vascular  tumours,  erectile  tumours,  and  aneurism  by 
anastomosis.  They  consist  of  an  erectile  cavernous 
tissue,  closely  resembling  that  of  the  corpus  cavernosum 
penis.  The  growth  is  made  up  of  irregular  fibrous 
alveoli,  which  communicate  freely  with  one  another,  and 
are  fined  with  an  endothelium  similar  to  that  of  the  veins. 
These  spaces  are  distended  with  blood,  usually  venous, 
which  is  supplied  to  them  by  numerous  tortuous  vessels, 
and  circulates  in  them  with  varying  degrees  of  rapidity. 
These  growths  are  commonly  of  a  bluish  colour.  They 
may  be  diffuse,  or  form  distinctly  circumscribed  tumours. 
They  often  exhibit  distinct  pulsation.  Their  favourite 
seat  is  the  skin  and  subcutaneous  tissue.  They  may 
also  occur  in  the  orbit,  in  muscle,  and  in  the  liver,  spleen, 
and  kidneys. 


CHAPTER  XX. 


THE  PAPILLOMATA. 

The  Papillomata  are  new  formations  resembling  in  struc- 
ture ordinary  papillae,  and  like  these  they  grow  from 
cutaneous,  mucous,  or  serous  surfaces. 

Structure. — They  consist  of  a  basis  of,  often  richly 
cellular,  connective  tissue,  supporting  blood-vessels,  which 


Fig  39. 


Papilloma. — Sliowiug  a  single  enlarged  papilla.  (Rimlilmscli.) 

terminate  in  a  capillary  network  or  in  a  single  capillary 
loop,  the  whole  being  enveloped  in  a  covering  of  epithe- 
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Hum.  (Fig.  39.)  The  epitlielial  covering  varies  in  charac- 
ter in  different  growths.  In  those  o£  the  skin,  it  is  often 
very  abundant,  and  the  superficial  layers  are  hard  and 
stratified,  forming  a  dense  firm  covering.  In  those 
originating  from  mucous  surfaces,  the  epithehum  forms  a 
thinner  investment,  and  is  of  a  much  softer  consistence ; 
■whilst  in  those  growing  from  serous  membranes  it  often 
constitutes  only  a  single  layer. 

The  growth  may  be  simple— consisting  merely  of  en- 
larged papiUee,  as  in  a  common  wart ;  or  it  may  be  more 
complex,  the  papillse  being  very  numerous,  and  giving  ofi 
secondary  and  tertiary  offsets.  If  the  investing  epithe- 
lium be  very  abundant,  it  may  so  enclose  the  whole 
mass  as  to  give  to  it  a  more  or  less  regular  outline. 
More  commonly,  however,  this  is  not  the  case,  and  the 
epithehum  not  being  sufficient  to  fill  up  the  spaces 
between  the  papillsB,  the  growth  presents  a  branched, 
viUous,  or  cauliflower  appearance.  The  blood-vessels 
are  often  very  numerous,  and  are  sometimes  dilated 
and  tortuous. 

Development. — The  papillomata  always  originate  from 
the  skin,  from  mucous,  or  from  serous  membranes.  They 
most  frequently  grow  from  pre-existing  papillas;  some- 
times, however,  they  occur  where  no  papillse  exist,  spring- 
ing directly  from  the  sub-epithelial  connective  tissue  : — 
this  is  the  case  in  the  stomach  and  larynx.  Their  growth 
is  usually  slow.  The  individual  tumours  rarely  attain  a 
very  large  size,  the  larger  forms  being  for  the  most  part 
constituted  of  several  smaller  growths. 

Secondary  Changes. — Of  these,  ulceration  and  hfemor- 
rhage  are  the  most  frequent.  They  occur  especially  in 
those  growths  which  originate  from  mucous  surfaces. 
The  hsemorrhage  is  often  very  abundant,  and  may  even 
endanger  Hfe.  This  is  not  unfrequently  the  case  in  the 
papillary  growths  of  the  bladder  and  intestine. 

Varieties. — The  varieties  of  papillary  tumours  depend 
principally  upon  their  seat.  Those  growing  from  the 
skin  include  warta  and  horny  growths.    "Warts  are  firm, 


156 


NUTRITION  INCREASED. 


have  a  dense  epithelial  covering,  and  are  less  prone  to 
ulceration  and  hgemorrhage  than  those  growing  upon 
other  parts.  Horny  growths  appear  usually  to  originate 
in  the  sebaceous  follicles,  by  a  continuous  proliferation  of 
their  epithelium.  The  epithelium,  together  with  the 
sebaceous  secretion,  forms  a  projecting  horn,  which  in- 
creases by  growth  at  its  base.  Such  formations  hardly 
come  within  the  definition  of  papilloma.  Larger  and 
more  vascular  papillary  tumours  may,  however,  occur  on 
cutaneous  surfaces — such  are  the  condylomata  and  vene- 
real warts  met  with  around  the  anus  and  upon  the 
external  male  and  female  genital  organs  as  the  result  of 
irritating  secretions. 

The  papillomata  of  mucous  membranes  are  softer  and 
more  vascular  than  the  preceding,  they  have  a  less  dense 
epithelial  covering,  and  are  more  prone  to  ulceration  and 
haemorrhage.  Many  of  them  come  within  the  category 
of  mucous  polypi.  They  are  met  with  on  the  tongue,  in 
the  larynx  and  nose,  on  the  gastro-intestinal  mucous 
membrane,  on  the  cervix  uteri,  and  in  the  bladder.  In 
the  bladder  and  intestine  they  are  often  exceedingly 
vascular,  and  give  rise  to  profuse  hsemorrhage.  Here 
they  are  not  unfrequently  confounded  with  villous  epi- 
thelioma. 

Papillomata  of  serous  membranes  never  form  distinct 
tumours.  They  are  met  with  most  frequently  as  small 
outgrowths  from  the  synovial  membrane  in  chronic 
diseases  of  joints. 

Clinical  Chahacters.^ — Clinically,  the  papillomata  are 
innocent  growths.  They  may,  however,  prove  fatal  from 
continuous  ulceration  and  heemorrhage  :  this  is  especially 
the  case,  as  already  mentioned,  in  papilloma  of  the 
bladder  and  intestine.  In  these  situations  they  are  easily 
mistaken  for  epithelioma ;  the  symptoms  of  both  are  very 
similar,  and  it  is  often  only  after  death  that  they  can  be 
distinguished.  In  the  papillomata  the  epithelium  is 
homologous,  being  situated  only  upon  the  surface  of  the 
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papillse,  and  in  no  case  growing  witliin  their  connective 
tissue  basis.  In  the  epitheliomata,  on  the  other  hand, 
it  is  heterologous,  and  it  is  met  with  at  the  base  of  the 
tumoiir  in  the  subjacent  connective  tissue.  (See  Fig.  60.) 
It  is  important  to  remember  that  a  growth  which  is 
primarily  a  simple  papilloma  may  subsequently  become 
an  epitheUoma.    (See  "  Epithelioma.") 


CHAPTER  XXI. 

THE  ADENOMATA. 


The  Adenomata — or  as  they  are  more  commonly  called, 
glandular  tumoi(,rs — are  new  formations  of  gland-tissue. 

Structuke.— In  structure  tlie  adenomata  resemble  the 
racemose  or  tubular  glands. 

The  racemose  adenomata  consist  of  numerous  small 
saccules  or  acini,  lined  with  small  epithelial  cells,  which 
are  often  two  or  three  layers  deep.  The  acini  communi- 
cate with  each  other,  and  are  grouped  together,  being 
merely  separated  by  connective  tissue,  in  which  are  con- 
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Adenoma  of  the  Manuna.    x  300.  (Eiudlloisch.) 


tained  the  blood-vessels.  (Fig.  40.)  The  connective 
tissue  varies  in  amount.  It  may  resemble  the  normal 
tissue,  or  if  growing  rapidly  it  will  be  much  more  richly 
cellular.    It  sometimes  contains  spindle  elements. 
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Many  new  growths,  however,  contain  a  large  amonnt 
of  this  gland-tissue  which  are  not  strictly  adenomata. 
All  growths  originating  in  glandular  organs  maybe  asso- 
ciated with  more  or  less  glandular  structure.  In  the 
mamma,  for  example,  sarcoma,  myxoma,  and  other  forma 
of  tumour,  are  often  so  intermingled  with  the  gland- 
tissue  of  the  organ  that  it  becomes  difficult  to  say  which, 
is  the  predominant  structure.  In  many  cases  it  is  evident 
that  the  development  of  such  tumours  is  accompanied 
by  an  increase  of  the  gland-tissue  amongst  which  they 
grow.  Thus  are  produced  mixed  forms — adeno-sarcoma, 
adeno-myxoma,  &c. 

The  tubular  adenomata  grow  from  mucous  membranes, 
and  consist  of  groups  of  tubules  lined  with  epithelium. 
They  will  be  again  alluded  to  hereafter. 

Dhvelopment. — The  adenomata  always  originate  from 
pre-existing  gland-structures,  of  which  they  are  simply 
local  hyperplasias.  Their  growth,  which  is  usually  slow, 
takes  place  by  the  development  of  diverticula  from  the 
saccules  or  tubules  of  the  gland,  and  by  a  proliferation 
of  the  enclosed  epithelium.  The  new  growth  may  remain 
in  intimate  relation  with  the  adjacent  gland,  or  it  may 
idtimately  become  separated  from  it  by  a  fibrous  capsule. 

Secondaky  Changes. — The  most  frequent  of  these  is 
fatty  degeneration  of  the  epithelium,  which  may  give  rise 
to  the  formation  of  small  caseous  masses  in  the  growth. 
Dilatation  of  the  saccules  and  tubules  so  as  to  form  cysts, 
and  mucoid  softening,  are  also  common. 

Varieties. —  Adenoma  of  Mamma. — The  mamma  is 
much  the  most  common  seat  of  adenoma.  Here  two 
varieties  must  be  distinguished — one,  in  which  there  is 
a  general  hyperplasia  of  the  whole  gland  ;  the  other,  in 
which  the  process  is  limited  to  smaller  or  larger  groups 
of  lobules.  The  former  constitutes  hypertrophy  of  the 
mamma,  the  latter  is  the  chronic  mammary  or  adenoid 
tumour.  Pure  adenoma  of  the  mamma,  however,  is  not 
common.  (See  Fig.  40.)  Many  tumours  in  this  situation 
described  as  adenomata  are  fibrous,  sarcomatous,  or 
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myxomatous  growths  in  which  is  contained  a  varying 
amount  of  gland-tissue.  The  distinction  between  such 
growths  and  pure  adenoma  is  often  difficult.  The  adeno- 
mata are  either  superficially  or  deeply  seated  in  the 
gland,  from  which  they  are  usually  separated  by  a  loose 
fibrous  capsule.  They  are  commonly  round  or  oval  in 
shape,  lobular,  and  of  a  hard  elastic  consistence.  On 
section  they  often  present  a  lobulated  appearance,  their 
racemose  structure  being  sometimes  visible  to  the  naked 
eye. 

Fig.  41, 


Admo-lHbroma  of  jlteHmia.— hbowing  new  growth  of 
gland-structure  and  of  counoctive  tissue,  x  100;  reduced  J. 

Adeno-Fihroma  and  Adeno-Sarcoma  of  Mavima.—Theae 
are  more  common  than  pure  adenoma.    In  them  the  con 
nective  tissue  between  the  acini  of  the  gland  undergoe 
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active  changes,  and  forms  a  fibro-cellular,  spindle-celled, 
or  round-celled  structure,  amongst  whicli  the  acini  are 
embedded.  (Fig.  41.)  In  many  cases  it  is  difficult  to 
determine  whether  the  glandular  structure  is  really  in- 
creased in  amount,  whilst  in  others  it  is  so  abundant 
that  such  is  evidently  the  case.  These  tumours  form 
lobulated  masses  of  a  firm  consistence.  They  grow 
slowly,  and  rarely  ulcerate.  In  most  cases  they  contain 
cysts.  Many  of  these  are  lined  with  cylindrical  epithe- 
lium and  are  formed  by  the  dilatation  of  the  ducts  of 
the  gland ;  others  appear  to  originate  from  localised 
softenings  of  the  tissue.  These  cysts  are  usually  very 
numerous,  and  they  often  attain  a  large  size.  They  are 
frequently  seen  much  flattened,  so  as  to  present  the 
appearance  of  fissures  running  amongst  the  growth. 
In  other  cases  they  are  more  or  less  completely  filled  by 
masses  of  the  tumour  which  have  grown  into  their  in- 
terior. This  formation  of  cysts  in  these  tumours  has 
given  rise  to  the  terms  cystic-sarcoma,  cystic-adenoma,  &c. 

Adenoma  of  Mucous  Membranes.  —  The  glandular 
structures  of  mucous  membrane  are  also  common  seats 
of  adenoid  growths,  and  here  they  are  usually  of  the 
tubular  variety.  In  the  nose,  the  pharynx,  the  stomach, 
the  intestines,  the  vagina  and  uterus,  these  growths  are 
sometimes  met  with.  In  course  of  time  they  usually 
gradually  project  above  the  surface  of  the  membrane  so 
as  to  form  a  polypus,  and  thus  constitute  one  of  the 
forms  of  mucous  polypi.  In  consistence  they  are  soft 
and  somewhat  gelatinous,  and  often  present  a  semi- 
translucent  appearance.     Their  surface  resembles  in 

j  colour  the  surrounding  mucous  membrane.  The  forma- 
tion in  them  of  cysts,  by  the  dilatation  of  their  tubules, 
is  exceedingly  frequent :  the  cysts  usually  contain  a  soft 
mucoid  substance.  Adenoma  of  mucous  membranes  often 

•  become  cancerous.  (See  "  Cylindrical  Epithelioma,"  or 
"  Adenoid  Cancer.") 

Clinical  Cuakacters. — Clinically,  the  adenomata  are 
perfectly  innocent ;  they  are,  however,  very  liable  to  be 
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confounded  with  growths  possessing  mahgnant  proper- 
ties. A  tumour,  also,  which  is  primarily  a  simple 
adenoma,  may  subsequently  become  cancerous.  The 
anatomical  distinction  between  cancer  of  a  gland  in  its 
earlier  stages  and  a  simple  glandular  tumour  is  often 
exceedingly  difficult,  especially  in  the  mamma  and 
mucous  membranes.  In  cancer  the  growth  appears  to 
commence  by  a  proliferation  of  the  epithelium  within 
the  ducts  of  the  gland,  and  as  the  epithelium  only  sub- 
sequently becomes  heteroplastic,  the  determination  of 
the  nature  of  the  tumour  in  this  stage  is  necessarily 
attended  with  considerable  difficulty.  This  will  be  again 
alluded  to  when  speaking  of  cancer.  (See  "  Structure 
of  Carcinoma.")  In  sarcomatous  tumours,  again,  ori- 
ginating in  the  connective  tissue  of  a  gland,  the  ducts  of 
the  gland,  fiUed  with  epithelium,  are  often  seen  embedded 
in  the  new  growth,  and  thus  the  appearance  of  adenoma 
may  be  closely  simulated. 


CHAPTER  XXII. 


THE  SAECOMATA. 

The  sarcomata  are  tumours  consisting  of  embryonic  con- 
nective tissue.  Of  these  there  are  several  varieties, 
depending  upon  the  size  and  configuration  of  the  cells, 
and  the  nature  of  the  intercellular  substance.  They  in- 
clude what  have  generally  been  known  in  this  country  as 
fi'bro-plastic,fihro-nucleated,  recurrent-fihroid,  and  myeloid 
tumours.  Many  growths  formerly  described  as  "  cancers" 
also  belong  to  this  class  of  new  formations. 

Connective  tissue  in  its  embryonic  condition  is  an  im- 
mature tissue  in  a  state  of  rapid  development.  In  its 
most  immature  state  it  differs  from  the  fully  developed 
tissue  in  consisting  almost  entirely  of  small  round  cells, 
whilst  its  intercellular  substance,  instead  of  being  fibrous, 
is  soft  and  amorphous.  This  is  the  common  condition  of 
connective  tissue  iu  the  primary  stages  of  all  rapid  for- 
mative processes,  as  already  described  when  speaking  of 
it  as  the  tissue  from  which  many  tumours  of  the  con- 
nective-tissue class  originate.  (See  "  Development  of  New 
Formations.") 

In  the  process  of  development  of  this  embryonic  mto 
mature  connective  tissue,  the  cells  diminish  in  number, 
many  of  them  assume  a  spindle  shape,  and  the  inter- 
cellular substance  fibrillates.  Similar  changes  are  seen 
in  inflammatory  conditions  of  connective  tissue.  Here 
also  many  of  the  small  round  cells  which  constitute  the 
"  granulation  tissue"  become  spindle  cells,  and  the  granu- 
lation tissue  ultimately  develops  into  the  fibrous  tissue  of 
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tlie  cicatrix.  In  the  sarcomata,  however,  the  connective 
tissue  retains  the  embryonic  state  throughout  its  growth, 
there  is  a  progressive  formation  of  embryonic  tissue ;  and 
although  the  process  of  development  may  occasionally 
proceed  in  certain  parts  of  the  tumour  to  the  formation 
of  a  more  highly  developed  structure,  as  fibrous  tissue, 
cartilage,  or  bone,  so  that  a  mixed  form  of  tumour  is 
produced,  it  usually  ceases  at  the  embryonic  stage. 

Structure. — The  sarcomata  may  thus  be  defined  as 
tumours  consisting  of  connective  tissue  which  throughout 
its  growth  retains  the  embryonic  typp.  The  cells,  which 
constitute  nearly  the  whole  of  the  growth,  consist  for  the 
most  part  of  masses  of  nucleated  protoplasm,  and  rarely 
possess  a  limiting  membrane.  They  present  many  vai-ia- 
tions  in  size  and  form ;  as  a  rale,  however,  they  preserve 
the  same  general  characters  in  the  same  tumour.  There 
are  three  principal  varieties — the  round,  the  fusiform, 
and  the  myeloid  ceUs. 

The  round  cells  are  many  of  them  indistinguishable 
from  lymph-cells  or  white  blood-corpuscles.    Others  are 

somewhat  larger  and  contain  an 
indistinct  nucleus  with  one  or 


nucleus,  with  or  without  nucleoli.  In  size  they  vary 
considerably.  These  cells  represent  a  higher  state  of 
development  than  the  round  cells,  resembling  those  met 


The  fusiform,  or  spindle-sliai^ed 
cells,  are  the  so-called  "fibro- 
plastic cells."  (Fig.  42.)  They  are 
long  narrow  cehs,  terminating  at 
each  end  in  a  fine  prolongation. 
Some  of  them  may  be  broader, 
approaching  the  epithelial  type ; 
others  more  or  less  stellate.  They 
are  sometimes  slightly  granular, 
and  they  enclose  a  long  oval 


more  bright  nucleoh:  these 
more  closely  resemble  the  cells 
of  a  granulation. 


Cells  from  a  Sjiindle-celleil 
Sarcoma,    x  350. 
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with  in  embryonic  tissue  wHcli  is  in  the  process  of 
forming  mature  connective  tissue.    (See  Fig.  84  b.) 

The  myeloid,  or  mother  cells,  are  much  larger  than 
either  of  the  preceding,  and  are  analogous  to  the  cells 
met  with  in  the  medulla  of  foetal  bone.  (See  Fig.  50.) 
They  are  large  irregular-shaped  masses  of  nucleated  pro- 
toplasm, for  the  most  part  more  or  less  spherical,  and 
often  possessing  numerotis  offshoots.  They  are  finely 
granular,  and  contain  several  round  or  roundly-oval 
nuclei,  each  with  one  or  more  bright  nucleoli.  The  nuclei 
may  be  exceedingly  numeroiis,  one  cell  containing  as 
many  as  thirty.  Both  the  cells  and  nuclei  vary  con- 
siderably in  size. 

An  intercellular  substance  exists  in  all  the  sarcomata, 
although  it  is  usually  small  in  quantity,  the  cells  lying 
in  nearly  close  apposition.  It  may  be  perfectly  fluid 
and  homogeneous,  or  firmer  and  granular,  or  more  or 
less  fibrillated.  Chemically  it  yields  albumen,  gelatin, 
or  mucin. 

The  blood-vessels  are  usually  very  numerous,  and  are 
either  in  direct  contact  with  the  cells,  or  separated  from 
them  by  a  little  fibrillated  tissue.  Their  distribution  is 
very  irregular,  and  their  walls  often  consist  of  embryonic 
tissue  similar  to  that  of  the  growth  which  they  supply ; 
hence  the  frequency  with  which  rupture  and  extravasa- 
tion of  blood  take  place. 

Development. — The  sarcomata  always  originate  from 
connective  tissue — either  from  the  subcutaneous,  the  sub- 
mucous, or  the  subserous  tissues,  the  fasciee,  the  con- 
nective tissue  of  organs,  the  periosteum,  or  the  medullary 
tissue  of  bones.  Their  growth  may  take  place  in  two 
ways,  by  the  multiplication  of  their  own  elements — central 
growth,  and  by  the  continuous  invasion  of  their  matrix — 
peripheral  growth.  A  peripheral  growth  is  the  great 
characteristic  of  the  sarcomata ;  they  usually  increase  by 
the  continuous  invasion  of  their  connective-tissue  matrix, 
80  that  no  line  of  demarcation  exists  between  the  two. 
They  frequently  also  invade  other  tissues,  the  elements 
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of  the  growth  extending  for  some  distance  into  tlie  sur- 
rounding structures.  This  infiltrating  tendency  of  the 
sarcomata  varies  considerably  in  the  different  varieties, 
being  much  more  marked  in  the  round-celled  than  in  the 
spindle-celled  and  myeloid  growths.  A  purely  central 
growth  is  less  common.  A  sarcomatous  tumour,  however, 
often  becomes  encapsuled,  and  growth  takes  place  within 
the  capsule ;  but  even  in  this  case  the  capRule  is  some- 
times merely  that  of  the  part  within  which  the  growth 
originates,  as  the  periosteum,  or  the  capsule  of  a  lym- 
phatic gland. 

Secondary  Ohakges.— The  most  important  of  these  is 
fatty  degeneration.  This  always  occurs  to  a  greater  or 
less  extent  in  the  older  portions  of  the  growth,  causing 
softening,  or  the  production  of  cyst-like  cavities.  It  is 
frequently  associated  with  destruction  of  the  blood- 
vessels and  haamorrhage  :  the  latter  may  give  rise  to  the 
formation  of  sanguineous  cysts.  (See  "Blood-Cysts.") 
Calcification,  ossification,  and  mucoid  degeneration  are 
less  common.  The  occurrence  of  calcification,  ossification, 
and  pigmentation  is  influenced  by  the  predisposition  of 
the  matrix  from  which  the  growth  is  produced: — thus 
calcification  and  ossification  are  more  prone  to  occur  in 
tumours  originating  in  connection  with  bone,  pigmenta- 
tion in  those  originating  from  the  cutis  or  eyeball. 

Varieties. — Although  all  the  sarcomata  possess  the 
same  general  characters,  they  present  many  histological 
and  clinical  differences  which  may  serve  as  bases  for 
their  classification.  The  occurrence  of  various  secondaiy 
changes -  pigmentation,  mucoid  degeneration,  and  the 
formation  of  cysts,  impart  their  respective  characters  to 
the  growth  ;  hence  melanotic-sarcoma  and  cystic- sarcoma, 
have  been  described  as  distinct  varieties.  This  is  to  a 
certain  extent  justifiable,  inasmuch  as  sarcomata  which 
have  undergone  these  transformations,  in  many  cases 
possess  the  property  of  reproducing  the  same  characters 
when  they  occur  secondarily  in  other  parts.  Then,  again, 
as  already  stated,  sarcomatous  tumours  are  sometimes 
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complex  in  their  structnre,  and  are  associated  with  other 
tissues  belonging  to  the  connective-tissue  group.  A  com- 
bination of  sarcoma  with  fatty,  cartilaginous,  osseous, 
and  mucous  tissue,  is  thus  not 

This  is  owing  to  the  embryonic  tissue  exhibiting  a  ten- 
ded y  to  develop  into  the  different  varieties  of  connective 
tissue.  (See  "The  New  Formations.")  The  mixed  forms- 
chondro-sarcoma,  osteosarcoma,  myxosarcoma,  &c ,  are 
thus  produced.  The  foUowing  histological  <=1^««^^^J«^^' 
based  upon  the  three  different  forms  of  cells  already 
described,  is  the  one  generally  adopted.  It  must  how- 
ever, be  borne  in  mind,  that  all  the  varieties  of  cells  may 
be  found  in  the  same  tumour,  although  the  majority 
are  usually  of  the  same  type;  hence,  the  majority  will 
determine  the  class  to  which  the  growth  belongs. 

SPINDLE- CELLED  SAKCOMA. 

These  tumours,  which  include  the  growths  described 
■   by  Paget  in  this  country  as  "  fibro-plastic,"  and  "  recur- 
rent fibroid,"  are  the  most  common  of  all  the  sarcomata. 
They  consist  mainly  of  spindle-shaped  and  fusiform  cells, 
lying  nearly  in  close  contact,  with  a  little  homogeneous 
or  slic^htly  fibriUated  interceUular  substance.    The  cells, 
which  contain  well  marked  oval  nuclei,  with  one  or  more 
uucleoh,  are  parallel  to  one  another,  and  are  arranged  m 
bundles  which  pass  in  all  directions  through  the  growth, 
often  giving  to  it  a  somewhat  fibrous  appearance.  In 
those  portions  of  the  section  in  which  the  bundles  of 
spindle-elements  have  been  cut  transversely  they  present 
the  appearance  of  round  cells.    The  cells  vary  consider- 
ably iu  size  in  different  tumours,  hence  the  division  into 
smaM  and  Zar;7e  spindle-celled  growths. 

Small  Spindle-celled  Sarcoma.— In  these  the  cellular 
elements  are  small,  often  not  more  than  ■^ioo^'h  inch  m 
length,  and  the  intercellular  substance  is  occasionally  im- 
perfectly fibrillated.  (Fig.  43.)  These  growths  approach 
therefore  the  confines  of  the  fibromata,  and  histologically 
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they  must  be  regarded  as  occupying  an  intennediate 
place  between  embryonic  and  fully-developed  connective 
Pig.  43.  ^^ssue.  They  grow  from  the  perios- 

.  the  fasciaa,  and  from  con- 

mm^-^  iiective  tissue  in  other  parts.  They 

•^^^^^^^  ^.^^  usually  tolerably  firm  in  con- 
sistence, of  a  whitish  or  pinkish- 
white  colour,  and  for  the  most  part 
present,  on  section,  a  translucent 

c    1,  o  ■  .1     n  somewhat  fibriUated  appearance. 

Small  Spindle-celled  Sar-  TIip-d-  m-o  „  i  i 

«.-Fromatumoui-  ^^^^        often  encapsuled,  much 
of  the  leg.    X  200.      ^o^e  frequently  so  than  the  other 
varieties  of  sarcoma,  but  they  are 
very  liable  to  infiltrate  the  surrounding  structures,  and 
to  recur  locally  after  removal. 

Large  Spindle-celled  Sarcoma.— The  cellular  elements 
m  these  tumours  are  much  larger  than  in  the  preceding. 

Tig.  44. 


Large  Sptndle-celled  Sarcoma.  To  the  left— the 
cells  have  been  separated  by  teasing;,  so  tliat  thoii- 
mchpdnal  forms  are  apparent ;  to  the  riglit— they 
are  in  their  natural  state  of  apposition,  such  as 
would  be  seen  in  a  thin  section  of  the  tumour 
(Virchow.) 

The  cells  are  plumper,  and  the  nuclei  and  nucleoli  are 
especially  prominent,  and  frequently  multiple.  (Fig.  44.) 
The  intercellular  substance  is  more  scanty,  and  there  is  a 
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complete  absence  of  any  fibrillation.  These  growths  are 
much  softer  in  consistence  than  the  small-celled  variety. 
They  are  of  a  pinkish-white  colour,  and  are  often  stained 
by  extravasations  of  blood,  and  sometimes  in  parts  are 
almost  ditauent  from  extensive  fatty  degeneration.  They 
grow  rapidly,  and  are  usually  exceedingly  malignant. 

Melaijotic  Sarcoma.— This  is  a  variety  of  sarcoma  in 
which  many  of  the  cells  contain  granules  of  dark-coloured 
pigment.  By  far  the  greater  number  of  melanotic  tumours 
are  sarcomata,  and  most  of  the  growths  which  were  for- 
merly described  as  "  melanotic  cancers,"  belong  in  reality 
to  this  class  of  new  formations.  Not  only  are  these 
melanotic  tumours  most  frequently  sarcomata,  but  the 
majority  of  them  consist  mainly  of  spindle-shaped  cells — 
hence  they  are  described  in  the  present  section. 

The  melanotic  sarcomata  originate  principally  in  two 
situations — in  the  choroid  coat  of  the  eye,  and  in  the 
superficial  integuments.  In  both  of  these  situations 
pigment  is  a  normal  constituent  of  the  tissues,  and  this 
tendency  of  structures  normally  containing  pigment  to 
originate  melanotic  growths,  is  exceedingly  characteristic. 
(See  "Pigmentary  Degeneration.")  These  tumours 
usually  consist  of  spindle-shaped  cells,  although  in  some 
cases  the  prevailing  tyjje  of  their  elements  is  round  or 
oval.  (Fig.  45.)  The  pigment,  which  gives  to  them  their 
distinctive  characters,  consists  of  granules  of  a  brownish 
or  dark  sepia  colour,  which  are  distributed  within  the 
cells.  (Fig.  45  c.)  Frequently,  only  a  very  small  pro- 
portion of  the  cells  are  pigmented,  whilst  in  other  tumours 
the  pigmentation  is  much  more  universal ;  in  all  cases, 
however,  a  large  number  of  the  elements  will  be  found  to 
be  quite  free  from  pigment. 

These  melanotic  tumours  are  amongst  the  most  malig- 
nant of  the  sarcomatous  growths.  Although  they  have 
comparatively  but  little  tendency  to  extend  locally,  they 
are  disseminated  by  means  of  the  blood-vessels,  and  occa- 
sionally also  by  the  lymphatics,  and  thus  reproduce 
themselves  often  very  rapidly  in  distant  tissues.  In  doing 
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so,  althougli  tliey  almost  invariably  maintain  their  mela- 
notic characters,  the  degree  of  the  pigmentation  of  the 
secondary  tumours  varies  considerably.  Whilst  many  of 
them  may  be  perfectly  black  in  colour,  others  may  be 

Fig.  45. 


A  Melanotio  Sarcoma  of  the  Penis. 

A.  — A  thiu  section,  showing  the  general  aiTangement  of 

the  elements,    x  2U0. 

B.  — A  section  from  the  peripheral  part  of  the  growth, 

showing  the  "indifferent  cells,"  amongst  which 
are  small  isolated  pigmented  elements.  At  a,  a 
blood-vessel  is  seen,    x  200. 

C.  — Some  of  the  elements  separated  by  teasing.    In  these 

the  pigment-granules  are  well  seen,    x  400. 

much  paler,  and  perhaps  only  partially  streaked  with 
pigment.  The  secondary  growths  are  soft,  usually  dis- 
tinctly circumscribed,  and  often  encapsuled.  They  may 
occur  in  almost  every  organ  of  the  body — the  liver,  the 
spleen,  the  kidneys,  the  lungs,  the  heart,  the  brain  and 
spinal  cord,  and  also  the  lymphatic  glands  and  sub- 
cutaneous tissue,  may  all  be  simultaneously  involved. 
I  have  observed,  that  when  occurring  in  internal  organs, 
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the  pigmentation  is  not  always  limited  to  the  secon- 
dary nodules,  but  that  many  of  the  ceUs  .P^OP^^  .^0 
the  organ  itself  are  fiUed  with  granules  of  similar  pig- 
ment, which  is  most  abundant  in  those  cells  which  are 
immediately  adjacent  to  the  new  growth  This  pigmen- 
tation of  the  cells  of  the  organ  often  extends  for  some 
distance  beyond  the  confines  of  the  tumour. 

Osteoid  Sabcoma. -This,  which  is  often  known  as 
"osteoid  cancer,"  is  a  variety  of  sarcoma  (usually  ot 
Bpindle-celled  sarcoma)  in  which  the  growth  is  either 
more.or  less  calcified,  or  has  partiaUy  become  converted 
into  true  bone.  As  a  primary  growth  it  is  met  with 
almost  exclusively  in  connection  with  bone,  growing 
either  from  the  periosteum  or  the  medulla.  The  osteoid 
characters  are  usually  reproduced  in  the  secondary 
tumours  occurring  in  the  lungs  and  in  other  parts. 

Simple  calcification  is  much  more  common  than  true 
ossification.  Here  the  growth  merely  becomes  infiltrated 
with  calcareous  salts,  which  may  be  dissolved  out  with 
a  Httle  dHute  hydrochloric  acid,  when  the  characteristic 

Fig.  46. 


^^^^^ 


Osteoid  Sarcoma.— Trom  a  secondary  tumour  of  the  lung. 
Showing  the  calcification  of  a  spindle-celled  growth,  and 
the  formation  of  broad  bands  of  calcified  intercellular  ma- 
terial enclosing  spaces  which  contain  round  and  oval 
colls.    X  '200. 

sarcomatous  structure  becomes  revealed.  In  other  cases 
this  calcification  is  associated  with  the  conversion  of  por- 
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tions  of  the  tumour  into  true,  although  usually  imperfect 
bone.  When  this  has  occurred,  there  will  be  seen  amongst 
the  spindle-shaped,  round,  or  myeloid  elements,  tracts  of 
tissue  consisting  of  broad  bands  of  granular  intercellular 
material,  infiltrated  with  calcareous  salts,  enclosing  spaces 
which  contain  spindle,  oval,  or  round  cells.  (Fig.  46.) 
This  structure  often  much  resembles  cartilage.  In  other 
parts  of  the  growth,  where  the  change  is  more  advanced, 
may  be  seen  lacunae  and  even  canaliculi  such  as  are  found 
in  true  bone. 

In  these  osteoid  growths  it  is  most  important  to  recog- 
nise the  existence  of  the  sarcomatous  element,  inasmuch 
as  it  is  the  presence  or  absence  of  this  which  determines 
the  innocent  or  malignant  nature  of  the  growth.  Osteoid 
sarcoma  must  be  carefully  distinguished  from  the  simple 
osseous  tumour. 


KOUND- CELLED  SAHCOMA. 

This  is  of  softer  consistence 
than  the  spindle-celled  growths, 
and  from  its  frequent  resemblance 
in  physical  characters  to  ence- 
phaloid,  it  is  sometimes  known  as 
"medullary,"  "  encephaloid,"  or 
"  soft"  sarcoma.  Histologically, 
it  is  elementary  embryonic  tissue, 
consisting  mainly  of  the  round 
cells  already  described,  embedded 
in  a  scanty,  and  usually  soft, 
homogeneous,  or  finely  granular  intercellular  substance. 
(Fig.  47.)  The  cells  usually  resemble  those  met  with  in 
the  most  elementary  embryonic  tissue  ;  less  frequently, 
they  are  larger,  and  contain  large  round  or  oval  nuclei, 
with  bright  nucleoli.  Tliere  is  an  almost  complete  absence 
of  fusiform  cells,  and  of  the  partial  fibrillation  which  is 
so  frequent  in  the  more  highly  developed  spindle-celled 
variety. 

The  round-celled  sarcomata  are  of  a  uniform  soft. 


Hound-celled  Sarcoma. — 
A  thin  section  of  a  small 
round- celled  sarcoma  of 
the  liver,    x  2U0. 
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brain-like  consistence,  somewhat  translucent  or  opaque, 
and  of  a  greyish,  or  reddish-white  colour.  On  scraping 
the  cut  surface,  they  yield  a  juice  which  is  rich  in  cells. 
They  are  exceedingly  vascular,  the  vessels  often  being 
dilated  and  varicose,  and  from  their  liability  to  rupture, 
they  fi-equently  give  rise  to  ecchymoses  and  to  the 
formation  of  sanguineous  cysts.  (See  "Blood  Cysts.") 
They  grow  from  the  cutis,  the  subcutaneous  cellular 
tissue,  the  periosteum,  the  fascias,  and  from  the  connec- 
tive tissiie  of  organs.  They  extend  rapidly  by  peripheral 
growth,  infiltrate  the  surrounding  structures,  reproduce 
themselves  in  internal  organs,  and  often  involve  the 
lymphatic  glands.  From  their  cHnical  and  physical  cha- 
racters, these  tumours  are  very  liable  to  be  confounded 
with  encephaloid  cancer :— they  are  distinguished  by  the 
absence  of  an  alveolar  stroma,  and  by  the  uniformity  in 
the  character  of  their  cells. 

Glioma.— This  is  a  variety  of  round-celled  sarcoma 
growing  from  the  neuroglia  or  connective  tissue  of  nerve. 

Pig.  48. 


Sarcomatous  Tumours  from  the  Brain.— a.  A  glioma  of 
cerebellum  This  represents  the  appearance  ordiuarilv 
presented  by  these  gi-owths.  6.  A  comparatively  rare 
foi-m  of  sarcoma  which  consists  of  large  nucleated  cells 
enclosed  within  the  meshes  of  a  vascular  network  The 
development  of  this  tumour  took  place  in  the  brain  sub- 
sequently to  that  of  spindle-celled  growths-primarily  in 
the  thigh,  and  secondarily  in  the  lung,    x  20o! 

;  consists  of  very  small  round  cells,  embedded  in  an 
cceedmgly  scanty,  homogeneous,  granular,  or  slightly 
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fibrillated  intercellular  siibstance.  (Fig.  48  a.)  Some  of 
tlie  cells  may  possess  fine  prolongations  which.,  by  com- 
municating with  one  another,  form  a  somewhat  reticulated 
structure.  These  tumours  occur  in  the  grey  and  white 
substance  of  the  brain,  in  the  cranial  nerves,  and  in  the 
retina.  In  the  retina  they  usually  commence  as  a  minute 
nodule,  which  may  gradually  increase  until  it  projects  as 
a  large  ftmgating  tumour  from  the  orbit.  They  are  not 
encapsuled,  and  although  they  may  occasionally  infiltrate 
the  tissues  in  which  they  lie  and  cause  secondary  growths 
in  their  immediate  vicinity,  they  very  rarely  reproduce 
themselves  in  the  lymi)hatic  glands  or  in  internal  organs. 
They  are  liable  to  small  hasmorrhages  into  their  struc- 
ture, and  sometimes  become  more  or  less  caseous. 

Alveolab,  Sahcoma. — This  is  a  rare  form  of  round- 
celled  sarcoma,  which  was  first  described  by  Billroth. 
The  cells,  which  are  large,  sharply  defined,  round  or 
oval  in  shape,  and  enclose  prominent  round  nuclei,  are 
separated  from  each  other  by  a  more  or  less  marked 
fibrous  stroma.    In  some  parts  this  stroma  forms  small 


well  their  microscopical  characters.    (Fig.  49.) 

Alveolar  sarcomata  are  met  with  principally  in  the 
skin,  bones,  and  muscles.  In  the  skin,  where  they  are 
often  multiple,  they  lead  to  ulceration.    They  tend  to 


Alveolar  Sarcoma. — From 
tumour  of  the  sMn.  x  200. 

a  preparation  kindly  lent 


Fig.  49. 


alveoli  within  which  the  cells 
are  grouped;  but  careful  ex- 
amination will  always  show 
that  in  most  parts  of  the  sec- 
tion the  stroma  really  pene- 
trates between  each  individual 
cell.  It  is  this  last-named 
character  which  serves  to  dis- 
tinguish these  tumours  from 
the  cancers,  with  which,  in 
many  cases,  they  may  easily 
be  confounded.  The  accom- 
panying drawing,  made  from 


to  me  by  Mr.  E.  J.  Godlee,  shows 
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recur  locally,  and  also  to  reproduce  themselves  in  in- 
ternal organs. 

MTEIOID  SAKCOMA. 

THs,  wWcli  is  tlie  well-known  myeloid  tumour,  is  some- 
what allied  to  the  spindle-celled  growths.  It  possesses, 
however,  certain  histological  peculiarities  which  probably 


Fig.  50. 


Myeloid  Sarcoma.  (Vircliow.) 


depend  upon  the  characters  of  the  tissue  from  which  it 
grows.  Myeloid  tumours  neai'ly  always  occur  in  con- 
nection with  bone,  and  most  frequently  originate  in  the 
medullary  cavity.    They  consist  of  the  large,  many- 
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nucleated  cells  already  described  as  "  myeloid  cells," — 
whicli  resemble  tbe  cells  of  the  medulla  in  a  state  of 
excessive  nutritive  activity — togetber  with  numerous  fusi- 
form cells  like  those  met  with  in  the  spindle-celled 
varieties.  There  are  also  some  smaller  round  and  oval 
elements.  The  large  myeloid  cells,  which  give  to  these 
tumours  their  distinctive  character,  are  usually  much 
more  numerous  in  those  growths  which  originate  in  the 
medullaiy  cavity  than  in  those  which  spring  from  the 
periosteum.  These  various  forms  of  cells  are  nearly  in 
close  contact,  there  being  very  little  intercellular  sub- 
stance. (Fig-  60.)  The  growths  are  sometimes  very 
vascular,  so  mnch  so  as  to  give  rise  to  distinct  pulsation. 
They  often  contain  cysts. 

Myeloid  tumours  almost  always  grow  in  connection 
with  bone,  the  heads  of  the  long  bones  being  their 
favourite  seat.  They  are  also  frequently  met  with 
springing  from  the  periosteum  of  the  upper  and  lower 
jaws,  where  they  constitute  one  form  of  ejJztZis.  When 
originating  within  the  medullary  cavity,  the  compact 
tissue  of  the  bone  becomes  expanded  over  them,  and  they 
thus  often  communicate  on  palpation  the  pecuUar  sensa- 
tion known  to  surgeons  as  "  egg-shell  crackling."  These 
tumours  are  for  the  most  part  of  firmer  consistence  than 
the  other  varieties  of  sarcoma ;  many  of  them  are  firm  and 
fleshy,  although  others  are  softer,  more  resembling  size- 
gelatin.  They  are  not  pulpy  and  grumous  like  the  soft 
sarcomata,  neither  do  they  present  the  fasciculated 
appearance  of  the  spindle-celled  varieties.  Their  cut 
surface  has  a  uniform  succulent  appearance,  often 
mottled  with  patches  of  red.  They  are  often  encapsuled 
by  the  periosteal  covering  of  the  boue  from  which  they 
grow.  They  are  rare  after  middle  life,  and  are  the  least 
malignant  of  all  the  sarcomata. 

PSAMMOMA. 

Allusion  must  here  be  made  to  a  rare  form  of  growth 
occasionally  met  with  in  the  brain  and  its  membranes 
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wliicli  is  known  as  psammoma.  This  growtli,  althougli 
having  but  little  resemblance  to  the  sarcomata,  is  usually 
classided  with  this  group  of  new  formations.  Its  charac- 
teristic feature  is  that  it  consists  largely  of  calcareous 
particles.  The  calcareous  particles  are  contained  in  the 
concentric  bodies  already  described  as  the  corpora 
amylacea,  where  they  give  rise  to  the  so-called  "  brain- 
sand": — hence  the  name  of  the  growth.  The  calcified 
corpora  amylacea,  associated  with  a  varying  quantity  of 
a  cellular  and  fibrillated  tissue,  and  blood-vessels,  make 
up  the  growth. 

Psammoma  is  usually  met  with  growing  from  the 
membranes  of  the  brain,  or  from  the  choroid  plexus.  In 
the  latter  situation  it  often  contains  numerous  cysts.  It 
is  of  no  pathological  importance  except  when  of  suffi- 
ciently large  size  to  produce  symptoms  from  pressure.- 

BLOOD-CYSTS. 

Tumours  are  occasionally  met  with  into  which  so  much 
baemorrhage  has  taken  place  as  to  mask  their  real  nature, 
and  to  give  to  them  the  appearance  of  blood-cysts.  The 
aature  of  these  blood-cysts  has  only  recently  been  un- 
ierstood.  They  are  now  known  to  be  in  the  majority  of 
jases  soft,  round,  or  spindle -celled  sarcomata.  They 
jonsist  of  broken  down  blood  coagula,  surrounded  by  an 
Il-defined  layer  of  soft  sarcoma  tissue.  The  microscope 
viE.  also  usually  reveal  sarcomatous  elements  amonp-st 
:he  altered  blood.  These  growths  are  exceedingly  mailg- 
lant,  and  hence  the  recognition  of  their  sarcomatous 
)rigin  is  all  important. 


CLINICAL  CHAEACTERS  OF  THE  SARCOMATA. 

^The  sarcomata  occur  most  frequently  in  early  and 
liiddle  life,  and,  next  to  the  cancers,  are  the  most 
halignant  of  the  new  formations.  They  are  especially 
haracteriHed  by  their  great  tendency  to  extend  locally 
bd  to  infiltrate  the  surrounding  structures,  so  that  they 
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are  exceedingly  prone  to  recur  in  loco  after  removal. 
They  comparatively  rarely  infect  the  lymphatic  glands, 
and  in  this  respect  present  a  marked  contrast  to  the 
cancers.    They  are  also  very  liable  to  become  generally 
disseminated,  although  this  is  not  usual  in  the  earlier 
stages  of  the  disease.    The  secondary  growths  occur  most 
frequently  in  the  lungs.    The  dissemination  is  efiected  by 
means  of  the  blood,  and  this  is  owing  to  the  thinness  of 
the  walls  of  their  blood-vessels  and  to  the  immediate  con- 
tact of  these  with  the  cells  of  the  growth— conditions 
most  favourable  to  the  entrance  of  the  cellular  elements 
into  the  circulation.    The  dissemination  of  the  sarcomata 
is,  on  this  account,  sometimes  more  rapid  than  that  of 
the  cancers.    In  the  latter,  extension. in  the  early  stage 
takes  place  principally  by  the  lymphatics,  and  dissemina- 
tion by  the  blood  only  occurs  later  in  the  disease.  The 
secondary  sarcomata  usually  resemble  the  primary  one, 
but  in  exceptional  cases  the  several  varieties  may  replace 
one  another. 

These  malignant  properties,  as  has  been  seen,  are 
possessed  by  the  different  varieties  of  sarcoma  in  very 
different  degrees.  As  a  rule,  the  softer  and  more 
vascular  the  tumour,  and  the  less  its  tendency  to  form 
a  fully  developed  tissue,  the  greater  is  its  malignancy. 
The  soft,  round-celled,  and  large  spindle-celled  varieties 
are  thus  usually  much  more  malignant  than  the  firmer, 
small  spindle-celled  growths.  Their  infiltrating  ]DOwers 
are  much  greater,  they  sometimes  infect  the  lymphatic 
glands,  and  they  tend  to  reproduce  themselves  very 
rapidly  in  internal  organs.  Many  of  the  small  spindle- 
celled  tumours,  after  removal,  never  recur,  whilst  others 
recur  locally  several  times,  and  ultimately  reproduce 
themselves  in  distant  parts.  As  a  rule,  largeness  of  the 
spindle  elements  and  the  existence  in  many  of  them  of 
more  than  one  nucleus,  is  an  evidence  of  special  malig- 
nancy. The  presence  of  a  capsule  Hmiting  the  growth 
must  also  be  taken  into  account  in  judging  of  the  degree 
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of  its  malignancy.  It  must,  however,  be  borne  in  mind 
that  in  a  growth  distinctly  encapsuled  the  sarcomatous 
elements  may  invade  the  adjacent  structures.  The 
myeloid  growths  are  the  least  malignant ;  they  may  how- 
ever also,  in  exceptional  cases,  give  rise  to  secondary 
growths  in  internal  organs. 


N  2 


CHAPTER  XXIII. 


THE  CAECINOMATA. 

The  Carcinomata,  or  Cancers,  are  new  formations  con- 
sisting of  cells  of  an  epithelial  type,  witliont  any  inter- 
cellular substance,  grouped  together  irregularly  within 
the  alveoli  of  a  more  or  less  dense  fibroid  stroma. 

The  term  "  cancer"  has  been  so  commonly  applied  inde- 
finitely to  any  growth  possessing  malignant  properties, 
that  "  cancerous"  and  "  malignant"  have  come  to  be  re- 
garded by  many  as  synonymous  terms.  It  is  important, 
however,  clearly  to  distinguish  between  them.  A  cancer 
is  a  growth  possessing  the  above-named  definite  struc- 
ture;  a  malignant  growth,  on  the  otlier  hand,  is  one 
which,  independently  of  its  structure,  tends  to  reproduce 
itself  in  adjacent  or  distant  tissues.  (See  "Malignancy.") 
"  Cancerous"  is  an  anatomical  term;  "maUgnant"  is  a 
clinical  one. 

The  Cancers  include  the  four  following  varieties:— 
Bcirrlms,  E^icephaloid,  Colloid,  and  Epithelioma.  Of 
these,  the  first  three  possess  the  same  general  characters, 
although  they  present  certain  structural  and  clinical 
differences  which  serve  to  distinguish  them.  Epithelioma 
constitutes  a  more  distinct  variety.  It  wiU  be  well,  in 
the  first  place,  to  describe  the  characters  common  to  the 
larger  and  more  important  group,  and  then  those  which 
are  pecuHar  to  its  individual  members.  Epithehoma 
will  be  considered  subsequently. 

Structuee.— In  structure,  scirrhus,  •  encephaloid,  and 
colloid  cancer  so  far  resemble  one  another,  that  they  all 
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consist  of  cells  of  an  epithelial  type,  without  any  inter- 
cellular substance,  grouped  together  irregularly  within 
the  alveoli  of  a  fibrous  stroma.  (See  Fig.  64.)  Although 
there  is  no  intercellular  substance,  a  certain  amount  of 
liquid  exists  between  the  cells.  It  is  this  liquid  which 
exudes  from  the  freshly-cut  surface  of  the  cancer,  and 
the  number  of  cells  which  it  contains  give  to  it  a  milky 
appearance. 

The  cells  are  characterised  by  their  large  size,  by  the 
diversity  of  their  forms,  and  by  the  magnitude  and  pro- 
minence of  their  nuclei  and  nucleoli.    (Fig.  51.)    In  size 


Fig.  51. 


Cells  from  a  Scirrhus  of  the  Mamma,    x  350. 

they  vary  from  -g^g  to  y-^o  inch  in  diameter ;  the 

majority  being  about  five  times  as  large  as  a  red  blood- 
coi-puscle.  They  are  round,  oval,  fusiform,  caudate,  poly- 
gonal— exhibiting,  in  short,  every  diversity  of  outline. 
These  variations  in  form  are  principally  owing  to  the 
mutual  pressure  to  which  in  their  growth  they  are  sub- 
jected. The  nuclei,  which  are  large  and  prominent,  are 
round  or  oval  in  shape,  and  contain  one  or  more  bright 
nucleoli.  The  nuclei  are,  perhaps,  most  frequently  sin- 
gle ;  two,  however,  are  frequently  met  with,  and  in  the 
softer  and  more  rapidly  growing  cancers  they  may  be 
more  numerous.  The  cells  rapidly  undergo  retrogressive 
changes,  hence  they  usually  contain  molecular  fat.  They 
are  many  of  them  exceedingly  destructible,  so  that  some- 
times more  free  nuclei  than  cells  are  visible.  Cells  precisely 
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similar  to  these  are  met  witli  in  other  morbid  growths, 
and  also  in  the  normal  tissues.  There  is  thus  no  specific 
"  cancer- cell."  It  is  the  general  character  of  the  cells, 
together  with  their  mode  of  distribution  in  the  meshes  of 
a  fibroid  stroma,  that  determines  the  nature  of  the  growth 
to  which  they  belong.  The  appearance  presented  by 
these  cells  grouped  within  the  alveoli  of  the  cancer  some- 
times closely  simulates,  in  the  earlier  stages  of  growth, 
that  of  simple  adenoma.  (See  Fig.  40.)  In  adenoma, 
however,  the  cells  resemble  the  epithelium  of  the  gland ; 
they  are  smaller,  and  less  irregular  in  size  and  shape, 
and  less  closely  packed  than  those  of  carcinoma.  In 
many  cases,  indeed,  they  form  merely  a  single  layer 
lining  the  walls  of  the  acini. 

The  stroma  varies  considerably  in  amount,  being  much 
more  abundant  in  some  varieties  of  cancer  than  in  others. 
It  consists  of  a  more  or  less  distinctly  fibrillated  tissue, 
arranged  so  as  to  form  alveoli  of  various  forms  and  sizes, 
within  which  the  cells  are  grouped.    (Fig.  52.)  These 


Fig.  52. 


The  Alveolar  Stroma  from  a  Sci7-7-hus  of  the 
Mamma.  The  cells  have  been  removed  by 
pencilling,    x  200. 

alveoli  communicate  with  one  another,  so  as  to  form  a 
continuous  cavernous  system.  The  characters  of  the 
stroma  vary  with  the  rapidity  of  its  growth : — if  this  is 
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r:ipid  it  will  contain  some  round  and  spindle-shaped 
ct-lls  (see  Fig.  56) ;  if,  on  the  other  hand,  it  is  slow  or  has 
altogether  ceased,  the  tissue  wiU  contain  but  few  cells, 
and  will  be  denser  and  more  fibrous  in  character.  The 
latter  is  the  condition  in  which  it  is  most  commonly  met 
with. 

Within  the  stroma  are  contained  the  hlood-vessels. 
These  are  often  very  numerous,  and  form  a  close  net- 
work. They  are  limited  to  the  stroma,  and  only  in  very  ' 
exceptional  cases  do  they  encroach  upon  the  alveoli.* 
This  distribution  of  the  blood-vessels  is  important,  as 
distinguishins:  the  cancers  from  the  sarcomata.  In  the 
latter,  the  vessels  are  not  supported  by  a  stroma,  but 
ramify  amongst  the  cells  of  the  growth;  hence  the 
facility  with  which  these  tumours  become  generally  dis- 
seminated. 

Ill  addition  to  the  blood-vessels  the  cancers  also  possess 
lymphatics.  These  accompany  the  blood-vessels,  and,  as 
has  been  shown  by  MM.  Cornil  and  Eanvier,  communi- 
cate freely  with  the  alveoli.  This  explains  the  great 
tendency  of  cancer  to  infect  the  lymphatic  glands. 

Development. — The  question  of  the  genesis  of  cancer 
involves  that  of  the  genesis  of  epithelium  generally.  It 
is  maintained  by  many  Histologists  that  epithehum  can 
only  originate  from  epithelium,  and  that  the  strata  of 
cells  set  aside  in  the  embryo  for  the  production  of  the 
epithelial  tissues  is  the  source  from  which  all  epithelium 
is  subsequently  derived.  Others  admit  that  epithelium 
may  also  originate  from  connective  tissue.  (See  "  Deve- 
lopment of  the  New  Formations.")  A  like  difference  of 
opinion  exists  as  to  the  soarce  of  the  epithelioid  cells  of 
cancer.  By  many — as  Waldeyer,  Thiersch,  and  Billroth 
— they  are  regarded  as  originating  only  from  pre-existing 
epithelium.  Others — amongst  whom  are  Virchow,  Liicke, 

•  In  soft,  rapidly  growing  cancers  the  blood-vessels  have  occa^ 
sionally  been  observed  to  project  as  tufts  into  the  alveoli.  See  case 
reported  by  Mr.  Marcus  Beck  and  Mr.  Aruott,  "  Trans.  Path.  Soc. 
Loud.,"  1874,  p.  224. 
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EincTfleisch,  and  Klebs— maintain  that  they  may  also  be 
derived  from  cells  belonging  to  the  connective  tissue.  It 
is  also  believed  by  some— as  Koster— that  many  cancers 
originate  from  the  endothelium  of  the  lymphatics. 

The  difficulty  of  determining  the  genesis  of  cancer  is 
pai'tly  owing  to  the  fact  that  it  usually  originates  in 
structures  where  epithelium  is  normally  abundant,  as  in 
the  mamma,  skin,  and  alimentary  canal ;  and  that  this 
normal  epithelium  is  always,  from  the  earliest  stage  of 
the  growth,  the  seat  of  active  proliferation.  In  cancer  of 
the  mamma,  for  example,  the  first  change  often  observable 
is  an  accumulation  of  epithelium  within  the  ducts  of 
the  gland,  a  condition  very  similar  to  that  already  de- 
scribed as  occurring  in  the  development  of  an  ordinary 
glandular  tumour.  (See  "Adenoma.")  Soon, however,  the 
epithelium  alters  its  characters.  The  cells  become  larger 
and  more  irregular  in  shape,  and  their  nuclei  are  more 
prominent.  The  epithelium  is  then  found  outside  the 
ducts,  amongst  the  inter-  and  peri-glandular  connective 
tissue,  which  is  also  in  a  state  of  active  prolifei-ation,  and 
is  infiltrated  with  small  round  cells.  The  outline  of  the 
ducts  ultimately  becomes  completely  annihilated,  and  the 
epithelioid  cells  are  seen  in  alveoli  formed  of  a  fibroid 
tissue.  The  question  arises  as  to  whether  the  epithelioid 
cells,  which  constitute  the  ultimate  cancerous  growth, 
originated  from  the  epithelium  normally  existing  within 
the  ducts  of  the  gland,  which  in  the  process  of  develop- 
ment has  extended  beyond  the  ducts  into  the  surrounding 
tissue ;  or,  whether  they  originated  in  the  connective 
tissue — the  proliferation  of  the  glandular  eijitheHum 
being  merely  a  secondary  process,  and  resulting  from  the 
irritation  of  the  inter-glandular  growth.  Although  this 
question  cannot  be  regarded  as  finally  settled,  the  former 
view  is  certainly  the  more  probable  one,  and  the  doctrine 
of  the  ejDithelial  origin  of  cancer  is  now  steadily  gaining 
ground.  The  tendency  which  is  exhibited  by  the  cells  of 
cancerous  growths  to  maintain  the  ty]5e  .of  the  eijithelial 
structures  in  the  vicinity  of  which  they  grow,  is  greatly 
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in  favour  of  ttis  view  that  they  are  derived  from  the  epi- 
thehum.  In  cancers  situated  near  the  cutaneous  surfaces, 
for  example,  the  cells  are  usually  of  the  squamous  type, 
whereas  in  those  growing  m  connexion  with  the  glands  of 
mucous  membranes,  they  ndore  commonly  resemble  the 
epithelium  of  the  gland.  In  adopting  this  doctrine  of  the 
origin  of  cancer  it  is  obviously  impossible  to  admit  the 
occurrence  of  primary  growths  in  situations  where  no 
epithelium  normally  exists— as  in  bone  and  muscle  ;  and 
we  now  know  that  tumours  in  these  tissiies  which  were 
formerly  described  as  cancers,  are  in  reahty  sarcomata. 
With  regard  to  the  new  formation  of  the  epithelial 
elements,  the  researches  of  Dr.  Creighton,  which  show 
that  this  takes  place  principally  by  a  process  of  vacuola- 
tion  and  endogenous  growth,  has  been  already  alluded  to. 
(See  "Development  of  New  Formations.") 

The  stroma  of  cancer,  although  partly  the  pre-existing 
connective  tissue  of  the  part  in  which  the  cancer  origi- 
nates, is  in  the  main  a  new  formation,  and  it  may  pro- 
bably be  regarded  as  the  result  of  the  irritation  of  the 
connective  tissue  by  the  infiltrating  epithelial  cells. 

The  cancers  in  their  growth  never  become  encapsuled, 
bnt  gradually  infiltrate  the  surrounding  structures.  This 
process  of  infiltration  is  very  characteristic,  and  is  more 
marked  in  cancer  than  in  any  of  the  malignant  growths. 
A  zone  of  small-celled  infiltration  is  seen  for  some  dis- 
tance around  the  confines  of  the  tumour,  so  that  there  is 
no  line  of  demarcation  between  it  and  the  normal  struc- 
tures.   (See  Fig.  53.) 

Secondary  Changes. — The  most  important  of  these  is 
fatty  degeneration.  This  always  occurs  to  a  greater  or 
less  extent  in  all  the  varieties  of  cancer.  The  more  rapid 
the  growth,  the  earlier  does  this  retrogressive  change  take 
place,  and  the  greater  is  its  extent ;  hence  it  is  usually 
most  marked  in  encephaloid.  It  produces  softening  of 
the  growth,  which  is  often  reduced  to  a  pulpy  cream-like 
consistence.  Pigmentation  mucoid  and  colloid  degenera- 
tion may  also  occur.  Calcification  is  very  rarely  met  with. 
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Varieties.— Tlie  term  "cancer"  was  so  vaguely  applied 
by  tlie  older  pathologists— nearly  all  malignant  forma- 
tions being  included  under  this  bead— that  considerable 
confusion  bas  resulted  in  the  classification  of  cancerous 
growths.  Peculiarities  in  situation,  structure,  and  ap- 
pearance have  given  rise  to  special  names,  hence  the 
terms—"  osteoid,"  "  chondroid,"  "  cystic,"  "  villous,"  and 
"  hcematuid"  cancer.  A  cancer  containing  large  quantities 
of  pigment  was  described  as  a  distinct  variety,  under  the 
name  of  melanotic  cancer.  Melanotic  cancer,  however, 
is  comparatively  rare.  The  majority  of  tumours  which 
are  thus  designated  are  in  reaHty  sarcomata.  (See  "  Me- 
lanotic Sarcoma.") 

The  most  convenient  classification,  and  that  which  is 
now  generally  adopted,  divides  the  cancers  into  four 
groups  : — scirrhus,  fibrous,  or  chronic  cancer ;  encepha- 
loid,  medullary,  or  acute  cancer;  colloid  or  gelatiniform 
cancer ;  and  epithelial  cancer,  or  epithelioma,  including 
adenoid  cancer.  This  division  is  based  principally  upon 
the  relative  proportion  of  the  stroma,  and  upon  the  type 
of  the  epithelial  elements. 

SCIEUHTJS  CANCER. 

Scirrhus,  fibrous,  or  chronic  cancer  is  characterised  by 
the  large  amount  of  its  stroma  and  by  the  chronicity  of 
its  growth.  The  slowness  in  the  development  of  scirrhus 
probably  accounts  in  great  measure  for  the  peculiarities 
in  its  structure  and  physical  characters. 

The  epithelial  growth,  although  at  first  it  may  be 
luxuriant,  quickly  subsides.  The  elements  soon  atrophy 
and  undergo  retrogressive  changes.  They  are  most 
abundant  in  the  external  portions  of  the  tumour,  where 
growth  is  taking  place  ;  in  the  central  portions  they  may 
be  almost  entirely  wanting.  The  accompanying  figures 
(Pigs.  63  and  64)  show  the  appearances  presented  by 
scirrhus  of  the  mamma  in  the  earher  stages  of  its 
development. 
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Tlie  degeneratiou  of  the  epithelial  elements  is  pro- 
bably owing  to  the  excessive  growth  of  the  stronia  and 
;o  the  subsequent  induration  and  contraction  which  it 


Fig.  53. 


Scirrhvs  of  the  Mamma.— A  thin  section  from  the 
must  external  portion  of  the  tumom-,  showing 
the  smaU-cuUed  infiltration  ("  indifferent  tissue  ) 
of  the  muscular  fibres  and  adipose  tissue  m  the, 
neighbourhood  of  the  gland,    x  200. 

undergoes.  It  quickly  assumes  the  characters  of  cica- 
tricial tissue,  and  becomes  hard  and  indurated.  This 
causes  obstruction  and  obHteration  of  the  blood-vessels 

Fig.  54. 


Scirrhm  of  the  Mamma. — A  portion  of  the  tumour 
somewhat  internal  to  that  represented  in  Fig.  53, 
sliowing  the  characteristic  alveolar  structui-e  of 
the  cancer,    x  200. 

which  it  contains,  and  it  is  probably  to  this  interference 
with  the  vascular  supply  that  the  arrest  in  the  develop- 
ment of  the  cancer  is  owing.  The  whole  of  the  central 
portions  of  the  growth  may  thus  ultimately  consist 
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simply  of  dense  fibroid  tissue,  amongst  whicli  are 
contained  atrophied  epithelial  cells  and  fatty  debris 
(Fig.  55),  the  periphery  being  the  only  part  where  the 


Fig.  55. 


a  5 

Sdrrlius  of  the  Mamma. — A  section  from  the 
more  central  portions  of  the  tumour,  showing  the 
atrophy  of  the  epithelial  cells,  the  dimmution  in 
the  size  of  the  alveoli,  the  fibroid  tissue,  and  the 
fatty  ddbris.  a,  earlier  stage ;  6,  more  advanced. 
X  200. 

epithelial  structure  is  visible.  The  amount  of  atrophy 
and  contraction  varies  considerably  in  different  cases. 

The  physical  characters  of  scirrhus  are  in  the  same 
way  due  to  the  abundance  of  its  stroma.  The  growth  is 
firm  and  hard,  and  it  is  usually  depressed  in  the  centre, 
owing  to  the  contraction  of  the  fibroid  tissue  ;  this  is  very 
characteristic  of  scirrhus  of  the  breast,  where  it  causes 
puckering  of  the  superjacent  structures.  On  section  the 
tumour  presents  a  greyish-white  glistening  surface,  some- 
times intersected  with  fibrous  bands.  The  more  external 
are  less  firm  than  the  central  portions  of  the  growth,  and 
yield,  on  scraping,  a  juice  which  is  rich  in  nucleated  cells, 
free  nuclei,  and  granules. 

Scirrhus  is  most  commonly  met  with  in  the  female 
breast,  and  in  the  alimentary  canal — especially  in  the 
oesophagus  pylorus,  and  rectum.  It  also  occasionally 
occurs  in  the  skin.  The  secondary  growths  to  which  it 
gives  rise  are  often  encephaloid. 

ENCEPHALOID  CANCEK. 

Encephaloid,  medidlary,  or  acute  cancer,  is  very  closely 
allied  to  the  preceding,  from  which  it  differs  merely  in 
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lie  greater  rapidity  of  its  growth,  and  the  consequent 
mall  amount  of  its  stroma,  and  the  softness  of  its  con- 
istence.  Encephaloid  and  scirrhus  cannot  be  regarded 
Ls  in  any  way  constituting  distinct  varieties  of  cancer. 
There  are  all  intermediate  stages  between  them,  and  the 
lifferences  in  the  rapidity  of  their  growth,  and  conse- 
[uently  in  their  structure  and  physical  characters,  con- 
ititute  their  only  distinctive  features. 

The  epithelial  growth  in  encephaloid  is  rapid  and 
ibundant,  and  the  cells,  for  the  most  part  larger  than  in 
scirrhus,  quickly  undergo  fatty  degeneration,  so  that 
often  more  free  nuclei  than  cells  are  visible.  The  pro- 
portion of  stroma  is  very  small,  and  owing  to  the  rapidity 
Df  its  growth,  it  is  much  less  fibrous  than  that  of  scirrhus, 
and  does  not  undergo  a  similar  cicatricial  contraction. 
(Fig.  56.)    The  blood-vessels  are  often  very  abundant. 

Fig.  56. 


Encephaloid  Cancer.  From  a  secondary  cancer 
of  the  liver.  Showing  the  large  size  of  the  alveoli 
and  the  thinness  of  their  walls.  In  the  latter  small 
cells  are  visible.  The  large  epithelial  cells  are  com- 
mencing to  undergo  fatty  metamoqjhosis.    x  200. 

and  the  tissue  supporting  them  being  soft  and  non- 
resistant,  haemorrhage  occasionally  takes  jjlace. 
Encephaloid  cancer  is  of  a  soft  brain-like  consistence. 
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tlie  central  portions,  wliere  fatty  degeneration  is  most 
advanced,  often  being  completely  diffluent.  The  tumour 
is  sometimes  more  or  less  lobulated.  On  section,  it 
presents  a  white  pulpy  mass,  much  resembling  brain- 
substance,  which  is  often  irregularly  stained  with  extra- 
vasated  blood. 

Encephaloid  is  much  less  common  than  scirrhus  cancer. 
It  is  most  frequently  met  with  in  internal  organs  as  a 
secondary  growth.  It  also  sometimes  occurs  primarily 
in  the  testis  and  mamma.  Many  growths  formerly  de- 
scribed as  encephaloid  cancer,  are  soft  sarcomata.  (See 
"  Eound-celled  Sarcoma."} 

COLLOID  CANCER. 

The  growths  described  under  the  name  of  colloid, 
alveolar,  or  gelaiiniform  cancer,  although  sometimes  re- 
garded as  constituting  a  distinct  variety  of  cancer,  are 
simply  one  of  the  preceding  forms  which  have  undergone 
a  mucoid  or  colloid  change.  The  frequency  with  which 
non-cancerous  growths  which  have  undergone  these 
forms  of  degeneration  have  been  confounded  with  colloid 
cancer  has  already  been  alluded  to.  (See  "  Colloid  De- 
generation.") 

The  alveolar  structure  in  colloid  cancers  is  very  marked. 
The  alveoli  have  very  thin  walls  ;  they  are  large,  distinct, 
and  more  or  less  spherical  in  shape.  This  large  size  and 
distinctness  of  the  alveoli  is  owing  to  their  distension 
with  the  softened  substance.  Within  them  is  contained 
the  gelatinous  colloid  material,  which  is  a  glistening, 
translucent,  colourless,  or  yellowish  substance,  of  the  con- 
sistence of  thin  mucilage  or  size-gelatin.  In  the  main  it  is 
perfectly  structureless  ;  within  it,  however,  are  embedded 
a  varying  number  of  epithehal  cells,  wliich  also  contain 
the  same  gelatinous  substance.  (Fig.  57.)  These  cells 
present  a  peculiar  appearance: — they  are  large  and 
spherical  in  shape,  and  are  distended  with  drops  of  the 
same  gelatinous  material  as  that  in  which  they  are 
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embedded.  (See  Fig.  57.)  Many  of  them  display  a 
lamellar  surface,  their  boundary  being  marked  by  cou- 


Fig.  bl. 


Colloid  Cancer  .—Showing  the  large  alveoli,  within  which  is  con- 
tained the  gelatinous  colloid  material,    x  3U0.  (Riudfleisch.) 

centric  lines.  It  would  appear  that  the  coUoid  change 
commences  in  the  cells,  which  become  gradually  de- 
stroyed in  the  process.  In  other  cases  the  cells,  with 
the  exception  of  shght  fatty  metamorphosis,  are  but 
little  affected,  and  the  substance  distending  the  alveoli 
is  more  viscid  and  mucoid  in  character.  This  is  due  to 
a  mucoid  degeneration  of  the  intercellular  substance, 
rather  than  to  a  colloid  change  commencing  in  the  cells. 
(See  "  Mucoid  Degeneration.") 

Colloid  cancer  is  most  frequently  met  with  in  the 
stomach,  in  the  intestine,  in  the  omentum,  and  in  the 
peritoneum. 

EPITHELIOMA. 

Epithelioma,  or  epithelial  cancer,  must  be  regarded  as 
constituting  a  much  more  distinct  variety  of  cancer  than 
either  of  the  preceding,  although  transitional  forms 
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between  it  and  scirrhus  are  occasionally  met  witlu  It 
differs  from  tlie  other  varieties  of  cancer  in  always 
growing  in  connexion  with  a  cutaneous  or  mucous  sur- 
face— the  junction  of  the  two  being  its  usual  seat — and 
in  its  epithelial  elements  closely  resembling  the  squamous 
variety  of  epithelium. 

The  cells  of  epithelioma  are  in  the  main  indistinguish- 
able from  those  met  with  on  the  cutaneous  surfaces,  and 
on  the  mucous  membrane  of  the  mouth.  They  vary  in 
size  from       to  yooo  ii^ch  in  diameter,  the  average 

^^i^g  T5o-  They  contain  usually  a  single  nucleus ;  fre- 
quently, however,  the  nuclei  are  multiple.    (Fig.  68.) 


Pig.  58. 


Cells  from  an  Epithelioma  of  the  Lip.    x  250. 

They  are  often  considerably  flattened  and  distorted  in 
shape,  owing  to  the  pressure  to  which  in  their  growth 
they  are  subjected,  but  they  never  present  those  nume- 
rous varieties  in  outline  which  are  met  with  in  the  other 
varieties  of  cancer,  neither  do  they  exhibit  the  same 
marked  tendency  to  undergo  fatty  degeneration.  The 
arrangement  of  these  cells  is  peculiar: — some  of  them 
are  situated  in  irregular  tubular-shaped  lobules  which 
communicate  with  each  other;  others  are  less  regularly 
grouped  in  masses  of  vai'ioiis  sizes  amongst  the  meshes 
of  a  stroma.  As  the  cells  increase  in  number  they  tend 
to  become  arranged  concentrically  in  groups  so  as  to  form 
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globular  masses.  These  masses  are  the  "  concentric 
globes,"  or  "  epithelial  nests,"  which  are  so  commonly  met 
with  wherever  squamous  epithelium  is  undergoing  rapid 
growth,  and  which,  although  not  distinctive,  are  ex- 
ceedingly characteristic  of  epithelioma.  As  the  epithelium 
multiplies,  the  peripheral  layers  of  cells  become  flattened 
by  pressure  against  the  surrounding  structures,  whilst 
those  in  the  centre  remain  more  or  less  spherical  in  shape 
like  those  of  the  deeper  layers  of  the  epidermis.  (Fig.  59.) 

Fig.  59. 


Epithelioma  of  the  Lip.    Showing  the  concentric  globes 
of  epithelial  cells,    x  loo. 

rhe  cells  may  be  so  closely  packed  as  ultimately  to 
)ecome  hard  and  dry  like  those  of  the  nails  and  hair,  and 
■he  globes  are  then  of  a  brownish-yellow  colour  and  of  a 
irm  consistence.  These  globes  are  often  large  enough 
io  be  readily  visible  to  the  naked  eye,  and  owing  to  the 
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arrangement  of  tlie  epidermic  scales,  they  usually  present 
a  fibrous  appearance. 

The  stroma  presents  every  variation  between  rapidly 

Fig.  60. 


Epithelioma  of  the  Tongue-  A  tliiu  vertical  soctnon,  sliovr- 
ms  the  excessive  epithelial  growth  Tipon  the  surface  of  tho 
papilte,  and  the  extension  of  the  epithelial  elements  into  the 
subiaceut  connective  tissue.  The  sub-eiiithehal  lissuo  is  infil- 
trated with  small  ("  indifferent")  cells,  amongst  which  are  seen 
the  epithelial  elements  both  single  and  forming  coucenlnc 
globes.    X  100. 
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TTO-wing  embryonic,  and  an  incompletely  fibrillated  tissue. 
Et  maybe  tolerably  abundant,  or  almost  entirely  wanting. 
It  rarely  forms  sucb  a  marked  alveolar  structure  as  that 
wbich  cbaracterises  the  other  varieties  of  cancer,  but 
asually  consists  simply  of  a  small-celled  infiltration  sur- 
rounding the  epithelial  elements,  which  may  ultimately 
jecome  developed  into  a  more  or  less  completely  fibril- 
ated  tissue.    (Fig.  60.) 

With  regard  to  the  development  of  epithelioma — there 
can  be  no  doubt  that  its  epithelial  elements  are  derived 
ifrom  the  epithelium  of  the  skin  or  mucous  membranes, 
br  from  that  of  the  glands  which  are  situated  in  these 
tissues.  The  growth  commences  by  a  proliferation  of  this 
epithelium,  which  as  it  increases  becomes  heterologous, 
extending  beyond  the  normal  limits  into  the  subjacent 
connective  tissue,  and  even  into  muscle,  bone,  and  other 
structures  (Fig.  60) ;  and  it  is  this  heterologous  develop- 
ment of  epitheliam  which  is  the  essential  characteristic 
of  epithelioma.  This  extension  of  the  epithelium  into 
the  subjacent  connective  tissue  produces  in  the  latter  an 
irritative  growth,  and  thus  the  groups  of  epithelial  ele- 
ments are  always  surrounded  by  a  small-celled  ("  indif- 
ferent") tissiie,  the  small-celled  growth  preceding  the 
3pithehal  invasion.    (Fig.  60.) 

Epithelioma  usually  presents  itself  in  the  first  place 
Either  as  a  small  foul  ulcer  with  indurated  edges,  or  as  a 
subcutaneous  induration  or  nodule  which  subsequently 
ulcerates.  The  surface  of  the  ulcer  is  fi-equently  papil- 
lated  and  villous,  owing  to  the  irregular  growth  of  the 
:;orium.  The  tumour  itself  is  firm  in  consistence,  often 
more  or  less  friable,  and  on  section  presents  a  greyish- 
vhite  granular  surface,  sometimes  intersected  with  lines 
i[  fibrous  tissue.  The  cut-surface  yields  on  pressure  a 
mall  quantity  of  turbid  liquid,  and  in  many  cases  also 
1  [jeculiar,  thick,  crumbUng,  curdy  material  can  be  ex- 
iressed,  which  often  comes  out  in  a  worm-like  shape,  like 
lie  sebaceous  matter  from  the  glands  of  the  skin.  This 
atter  is  very  characteristic.   It  is  comiiosed  of  epithelial 
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scales,  and  on  being  mixed  with  water  it  does  not  diffuse 
itself  like  the  juice  of  other  cancers,  but  separates  into 
minute  visible  particles.  If  it  is  very  abundant,  the 
cancer  is  soft  and  friable,  and  the  material  can  be  seen 
in  the  cut-surface  as  small  scattered  opaque  dots. 

Epithelioma  has  its  primary  seat  in  the  immediate 
vicinity  of  the  cutaneous  or  mucous  surfaces,  the  point  of 
junction  of  the  two  being  its  favourite  habitat.  It  appears 
in  most  cases  to  owe  its  origin  to  some  external  source  of 
irritation.  It  is  rare  in  the  young,  and  is  most  frequently 
met  with  in  the  lower  lip  at  the  junction  of  the  skin  and 
and  mucous  membrane,  on  the  tongue,  prepuce,  scrotum 
("  cliimney-sweep's  cancer"),  labia,  eyelids,  cheeks,  and 
iu  the  uterus  and  bladder.  As  it  extends  it  may  involve 
any  tissue — muscle,  bone,  and  tendon  may  be  alike  imph- 
cated.  It  usually  infects  the  lymphatic  glands,  but  very 
rarely  occurs  in  internal  organs. 

Cylindrical  Epithelioma  or  Adenoid  Cancer. — These 
terms  are  applied  to  those  forms  of  ej)ithelial  cancer 
which  grow  from  mucous  membranes  with  columnar 
(cylindrical)  epitheHum,  as  from  those  of  the  stomach  and 
intestines.  In  these  tumours  the  epithelial  elements  are 
similar  to  those  of  the  mucous  membrane  from  which 
they  grow.  They  are  cylindrical  in  shape,  and  are 
arranged  perpendicularly  to  the  walls  of  the  alveoli  in  a 
manner  precisely  analogous  to  that  of  the  colnmnar 
epithelium  on  the  mucous  surface.  There  is  rarely  a 
formation  of  concentric  globes,  and  the  growths  are  of  a 
soft,  and  often  gelatinous  consistence.  These  tumours 
cause  secondary  growths  in  the  lymphatic  glands,  and 
sometimes  in  the  liver  and  lungs,  which  possess  the  same 
characters  as  the  primary  cancer.  The  distinction  be- 
tween them  and  simple  adenomata  is  often  exceedingly 
difficult.    (See  "  Adenoma  of  Mucous  Membranes.") 


Clinical  Characters  of  the  Cancers.— In  speaking  of 
the  clinical  characters  of  the  cancers,  it  is  important  in 
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ihe  first  place  to  make  a  distinction  between  epithelioma 
md  the  other  varieties.  Epithelioma,  as  far  as  its  malig- 
aancy  is  concerned,  occupies  a  very  inferior  position  to 
scirrhus,  encephaloid,  and  colloid.  These  latter  varieties 
)f  cancer  possess  in  the  highest  degree  malignant  pro- 
Derties.  They  extend  locally,  invading  indiscriminately 
ihe  tissues  amongst  which  they  grow,  and  reproduce 
themselves  in  the  lymphatic  glands  and  in  internal 
)rgans.  In  the  process  of  dissemination,  however,  they 
present  some  peculiarities  which  distinguish  them  from 
^owths  which  are  sometimes  equally  malignant — viz., 
the  sarcomata.  The  cancers  are  characterised  by  their 
^reat  tendency  to  reproduce  themselves  in  the  neighbour- 
ing lymphatic  glands.  This  imjjlication  of  the  lymphatics 
Ls  usually  much  more  marked  than  in  the  sarcomata, 
in.  which  it  but  comparatively  rarely  occurs,  and  this  is 
probably  owing  to  the  communication  of  the  lymphatic 
■vessels  with  the  aveolar  spaces  of  the  cancerous  growth. 
The  general  dissemination  in  internal  organs,  on  the  otber 
hand,  is  often  effected  much  less  readily  in  cancer  than  in 
=;arcoma,  and  the  course  of  the  former  is  therefore  some- 
times more  protracted  than  that  of  the  latter.  This 
difference  is  explained  by  the  difference  in  the  distribution 
of  the  blood-vessels : — in  cancer,  these  are  contained  in 
the  stroma,  and  very  rarely  come  into  contact  with  the 
cells  of  the  growth ;  whereas,  in  the  sarcomata,  they 
ramify  amongst  the  cells,  and  their  walls  being  composed 
of  thin  embryonic  tissue  like  that  of  the  growth  which 
they  supply,  dissemination  through  the  medium  of  the 
blood  is  rapidly  and  readily  effected.  In  cancer,  the  lymph 
being  so  important  a  medium  of  infection,  the  reproduction 
of  the  growths  in  inteimal  organs  may  be  considerably 
delayed  :  the  progress  of  the  disease  becomes  arrested  by 
the  lymphatic  glands,  and  its  further  dissemination  is 
often  only  efi'ected  after  these  have  become  very  generally 
and  extensively  involved. 

With  regard  to  the  difference  in  the  clinical  charac- 
i  of  these  three  varieties  of  cancer — the  dissemination 
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of  encephaloid  takes  place  mucTi  more  rapidly  than  that 
of  scirrhus,  owing  to  the  greater  rapidity  of  its  growth, 
its  greater  vascularity,  and  the  greater  activity  of  its 
epithelial  elements.  Colloid  is  somewhat  inferior  in  the 
degree  of  its  malignancy  to  both  scirrhus  and  encepha- 
loid. 

Epithelioma  is  of  all  the  cancers  much  the  least  mahg- 
nant.  It  extends  locally,  and  may  infect  the  neighbour- 
ing lymphatics,  but  it  comparatively  rarely  reproduces 
itself  in  internal  organs.  This  is  probably  owing  to  the 
size  and  character  of  its  epithelial  elements,  which  render 
them  much  less  liable  to  be  transmitted  by  the  blood  and 
lymph-streams  than  are  the  cells  of  the  other  varieties  of 
cancer. 

In  all  the  varieties  of  cancer  there  ia  a  tendency  for  the 
secondary  growths  to  repeat  the  characters  of  the  primary 
one.  This  is  most  marked  in  epithelioma.  In  scirrhus, 
the  secondary  growths  in  internal  organs,  although  some- 
times resembling  the  primary  tumour,  are  often  more 
rapidly  developed,  are  softer  and  more  vascular,  and  in 
accordance  with  the  distinction  which  has  been  made 
between  scirrhus  and  encephaloid,  they  must  be  regarded 
as  belonging  to  the  latter  variety  of  cancer. 


CHAPTER  XXIV. 


CYSTS. 

In  addition  to  the  new  growths  already  described,  there 
is  a  large  class  of  formations,  many  of  which  cannot  be 
regarded  as  "  tumours"  in  the  strict  application  of  this 
term.    These  are  the  cysts  or  cystic  tumours. 

A  cyst  is  a  cavity  containing  liquid  or  pultaceons 
material,  which  is  separated  from  the  surrounding  struc- 
tures by  a  more  or  less  distinct  capsule.  It  may  be  a 
new  formation,  or  a  pre-existing  structure  which  has 
become  distended  by  its  own  secretion,  or  by  extrava- 
sation into  it.  The  former,  only,  comes  within  the 
category  of  new  growths,  although,  for  the  sake  of  con- 
venience, it  will  be  advisable  to  consider  them  both  under 
one  head. 

There  are  thus  two  principal  modes  by  which  cysts 
originate — one,  the  most  frequent,  by  the  gradual  accti- 
mulation  of  substances  within  the  cavities  of  pre-existing 
structures,  which  are,  for  the  most  part,  products  of  their 
own  formation,  being  in  some  cases  a  secretion,  and  in 
others  a  ceU-growth ;  the  other,  by  the  independent  for- 
mation of  a  cyst  in  the  tissues. 

The  accumulation  of  secretions  and  of  other  products 
within  pre-existing  ccwities,  may  be  effected  in  the  three 
following  ways  : — 

1st.  By  the  retention  of  the  normal  secretion  owing  to 
the  closure  of  the  excretory  ducts — as  so  often  occurs  in 
sebaceous  glands. 

2nd.  By  excessive  secretion,  the  cavity  being  unpro- 
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vided  with  an  excretory  duct— as  in  the  formation  of 
bursas. 

3rd.  By  the  extravasation  of  blood  into  the  cavity— as 
in  hEematocele. 

The  indeijendent  formation  of  a  cyst  may  take  place— 

1st.  By  the  softening  and  liquefaction  of  the  tissues  in 
some  particular  part,  owing  to  mucoid  or  fatty  changes. 
The  tissues  around  the  softened  matters  become  con- 
densed, and  ultimately  form  a  kind  of  cyst-wall. 

2nd.  By  the  enlargement  and  fusion  of  the  spaces  in 
connective  tissue,  and  the  accumulation  of  fluids  within 
them.  The  surrounding  tissue  becomes  condensed,  and 
forms  a  cyst- wall ;  and  this  may,  in  some  cases,  become 
lined  with  secreting  cells. 

3rd.  By  the  formation  of  a  cyst-wall  around  foreign 
bodies,  parasites,  or  extravasated  blood. 

Stkucture. — The  wall  of  the  cyst  will  vaiy  in  its 
nature  according  as  it  is  a  pre-existing  or  a  newly  formed 
tissue.  In  the  former  case,  it  will  possess  an  epithehal 
lining  which  will  present  the  same  characters  as  that  of 
the  gland,  serous  membrane,  or  other  structure,  from 
which  the  cyst  originated.  If  the  cyst  is  a  new  growth, 
it  rarely  possesses  an  epithelial  lining,  but  consists  simply 
of  a  fibrous  capsule.  The  cyst-wall  is  sometimes  fii-mly 
connected  with  the  adjacent  parts,  so  that  it  can  only 
with  difficulty  be  separated  ;  in  other  cases,  the  union  is 
much  less  intimate.  Instead  of  being  a  distinct  struc- 
ture, it  may  be  simply  the  surrounding  tissue  wliich  has 
become  dense  and  fibrous  in  character. 

The  contents  of  cysts  are  very  various,  and  may  serve 
as  a  basis  for  their  classification.  In  the  retention-cysts, 
they  wiU  vary  with  the  nature  of  the  normal  secretion — 
serum,  sebaceous  matter,  saliva,  milk,  seminal  fluid,  and 
other  substances  are  thus  found  in  these  cysts,  more  or 
less  altered  in  character  from  being  retained  in  a  closed 
cavity.  In  the  exudation-cysts,  serum  is  the  most  fre- 
quent constituent ;  and  in  extravasation-cysts,  blood.  In 
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those  cysts  wKich.  originate  from  the  softening  and  break- 
ing down  of  tissue,  the  contents  are  the  products  of 
retrogressive  tissue-metamorphosis,  and  usually  consist 
largely  of  mucin,  fatty  matters,  and  serum. 

Secondary  Changes. — These  may  take  place  in  the  wall 
of  the  cyst,  or  in  its  contents.  The  cyst-wall  itself  may 
become  the  seat  of  new  growths,  and  produce  secondary 
cysts,  villous,  glandular,  and  other  structures : — this 
occurs  in  many  compound  ovarian  cysts.  It  may  also 
be  the  seat  of  an  inflammatory  process,  which  terminates 
in  suppuration  and  granulation,  and  by  this  means  the 
cyst  frequently  becomes  obliterated,  its  contents  being 
either  absorbed  or  discharged  externally,  and  the  cavity 
closing  by  granulation.  Calcification  and  ossification  of 
the  wall  may  also  occur.  The  contents  of  cysts  undergo 
various  changes,  owing  to  their  retention  in  a  closed 
cavity.  The  secretions  become  altered  in  character, 
thickened  and  viscid.  Epithelial  elements  undergo  fatty 
changes,  and  so  give  rise  to  cliolesterin  crystals.  Cal- 
cification of  the  contents  is  also  common. 

Cysts  may  be  simjyle  or  com]^ound.  A  simple  cyst 
consists  of  a  single  loculus.  A  compound  or  multilocular 
cyst  is  one  consisting  of  numerous  loculi,  which  either 
communicate  with  one  another,  or  remain  isolated.  Ano- 
ther variety  of  compound  cyst,  consists  of  a  cyst  with 
endogenous  growths,  the  larger  cyst  having  others  grow- 
ing from  its  walls.  A  compound  cyst  may  become  a 
simple  one  by  the  destruction  of  its  walls. 

Cysts  are  frequently  associated  with  other  growths, 
hence  the  terms — "  cystic-sarcoma,"  "  cystic-cancer,"  &c. 
It  is  especially  in  those  growths  which  originate  in  glan- 
dular structures,  as  in  the  mamma,  testicle,  and  ovary, 
that  this  combination  is  met  with.  The  cystic  develop- 
ment may  almost  entirely  obliterate  the  structure  of  the 
tumour  in  which  it  takes  place,  so  that  ultimately  the 
latter  becomes  converted  into  a  combination  of  cysts. 
In  other  cases  large  portions  of  the  tumour  grow  into 


202  CYSTS. 

the  cystic  cavities.  Considerable  difficulty  is  thus  not 
iinfrequently  caused  in  determining  the  nature  of  the 
original  growth. 

^  OLAssmcATiON. — Oysts  may  be  most  conveniently  clas- 
sified according  to  their  mode  of  origin,  thus  : — 


CLASSIFICATION  OF  CYSTS. 

I.  Cysts  formed  ly  the   accumulation  of  substances 
tvithin  the  cav  ities  of  pre-existing  structures. 

A.  Retention  Ctsts.— Oysts  resulting  from  the  re- 

tention of  normal  secretions.   These  include— 
a.    Sebaceous  Cysts. — These  are  formed  by  the  re- 
tention of  secretions  in.  the  sebaceous  glands. 
Such  are  comedones  and  atheromatous  tu- 
mours. 

/3.  Mucous  Cysts. — These  are  formed  by  the  reten- 
tion of  secretions  in  the  glands  of  mucous 
membranes. 

y.  Cysts  from  the  retention  of  secretions  in  other 
farts,  including — Ranula,  from  occlusion  of 
the  salivary  ducts ;  Encysted  Hydrocele,  from 
occlusion  of  the  tubuli  testis  ;  cysts  in  the 
mammary  gland,  from  obstruction  of  the 
lacteal  ducts ;  simjile  and  some  compound 
cysts  of  the  ovary,  from  dilatation  of  the 
Graafian  follicles ;  and  simple  cysts  of  the 
liver  and  kidneys. 

B.  Exudation  Cysts. — Cysts  resulting  from  exces- 

sive secretion  in  cavities  unprovided  with  an 
excretory  duct.  These  include  Bursse,  GangUa, 
Hydrocele,  and  many  cysts  in  the  broad  hga- 
ment. 

C.  Extravasation  Cysts. — Cysts  resulting  from 

extravasation  into  closed  cavities.  These  in- 
clude Hgematocele,  and  some  other  forms  of 
sanguineous  cysts. 
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n.    Gysts  of  independent  origin. 

A.  Cysts  prom  Softening  of  Tissues —Tliese  are 

especially  common  in  new  formations,  as  in 
enchondroma,  lipoma,  sarcoma,  &c. 

B.  Cysts  fkom  Expansion  and  Fusion  of  Spaces 

IN  Connective  Tissue. — These  include— 
a.    Bursa},  originating  from  irritation  and  exuda- 
tion into  the  tissues. 
|3.    Serous  cysts  in  the  neck  (often  congenital). 
y.    Many  compound  ovarian  cysts* 

C.  Cysts  formed  around  Foreign  Bodies,  Extra- 

YASATED  Blood,  and  Parasites. 

D.  Congenital  Cysts.— These  include  many  Der- 

moid cysts.  These  appear  often  to  be  the 
remains  of  blighted  ova.  They  contain  fatty 
matters,  hair,  teeth,  bones,  &c. 


*  See  Dr.  "Wilson  Fox,  on  Cystic  Tumours  of  the  Ovary,  "Med. 
Chir.  See.  Trans.,"  vol.  slvii. 


CHAPTER  XXy. 


INFLAMMATION. 

The  morbid  processes  whicli  have  thus  far  been  described 
bave  been  mainly  characterised  by  some  alteration  in  the 
nutrition  of  the  histological  elements  of  the  tissues ;  either 
by  a  diminution  in  their  nutritive  activity — as  in  atrophy 
and  the  degenerations,  or  by  an  increase — as  in  hyper- 
trophy and  the  new  formations.  In  the  process  of 
inflammaMon  an  alteration  in  nutrition  also  plays  a 
prominent  part,  but  changes  in  the  blood-vessels  and  in 
the  circulation  are  its  essential  and  most  important  con- 
stituents. 

Inflammation  may  be  defined  to  be  the  succession  of 
changes  which  takes  place  in  a  living  tissue  as  the  result 
of  some  kind  of  injury,  provided  that  this  injury  be  in- 
sufficient immediately  to  destroy  its  vitality.  With  re- 
gard to  the  nature  of  the  injury — it  may  consist  in  some 
direct  damage  to  the  tissue,  either  by  mechanical  or 
chemical  agents,  or  by  substances  conveyed  to  it  by  means 
of  the  blood-vessels  or  lymphatics  ;  or  the  injury  may  be 
indirect,  as  in  some  cases  of  inflammation  of  internal 
organs  arising  from  exposure  to  cold.  In  all  cases,  how- 
ever, some  injury  of  the  tissue — an  injury  which  impairs, 
and  if  of  sufiicient  intensity  would  destroy,  its  vitalitj'- — 
precedes  the  occurrence  of  the  local  changes  which  con- 
stitute the  inflammatory  process. 

The  exact  nature  of  these  changes  has,  for  the  most 
part,  been  ascertained  during  the  past  ten  years,  mainly 
owing  to  the  experimental  researches  of  Professors 
Cohnheim,  Strieker,  and  Burdon  Sanderson.  The  method 
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of  investigation  has  consisted  in  the  artificial  production 
of  intlammation  in  the  lower  animals,  and  the  obser- 
vation of  the  process  as  thus  induced.  The  process 
comprises — 

1st.  Changes  in  the  Mood-vessels  and  circulation.  ^ 

2nd.  Exudation  of  liquor  sanguinis  and  migration  of 
hlood-corptiscles ;  and 

3rd.  Alterations  in  the  nutrition  of  the  inflamed  tissue. 

It  will  be  well,  ia  the  first  place,  to  consider  each  of 
these  separately,  in  the  order  in  which  they  occur,  and 
subsequently  to  endeavour  to  point  out  how  far  a  causal 
relation  exists  between  them. 

I.  Changes  in  the  Blood-vessels  and  Circulation. — 
Changes  in  the  blood-vessels  and  circulation,  resultinsr  in 
increased  vascularity,  have  ever  been  regarded  as  playing 
a  most  important  part  in  inflammation,  as  upon  them 
principally  depend  those  signs  of  the  process  which  are 
most  obvious  during  life.  The  redness,  heat,  and  swell- 
ing, which  are  so  constantly  met  with  in  inflamed  tissues, 
are  in  great  measure  due  to  the  attendant  hypersemia. 
The  swelling,  however,  is  in  most  cases  dependent  rather 
upon  the  elFusion  than  upon  the  over-fulness  of  the 
blood-vessels. 

These  changes  in  the  blood-vessels  and  circulation  are 
essential  constituents  of  inflammation,  both  in  vascular 
and  in  non-vascular  tissues.  In  the  latter,  which  com- 
prise the  cornea  and  cartilage,  they  take  place  in  the 
adjacent  vessels  from  which  these  tissues  dei-ive  their 
nutritive  supply.  The  nature  of  these  vascular  changes 
has  been  studied  by  the  artificial  production  of  inflamma- 
tion in  transparent  tissues,  in  which  the  circulation  can  be 
readily  observed :  the  web,  mesentery,  and  tongue  of  the 
frog,  and  the  wing  of  the  bat,  being  most  convenient  for 
this  pm'pose.  The  phenomena,  as  observed  in  the  mesen- 
tery of  the  frog,  which  has  been  previously  curarised, 
may  be  thus  briefly  described : — • 

The  first  efi'ect  of  injury  of  the  mesentery — mere  ex- 
posure to  the  air  being  sufficient  for  the  purpose — is  to 
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cause  dilatation  of  the  arteries,  and  after  some  interval, 
a  similar  dilatation  of  the  veins  and  capillaries.  The 
dilatation  of  ttie  arteries  commences  at  once,  and  is  not 
preceded  by  any  contraction.  It  gradually  increases  for 
about  twelve  hours,  and  is  accompanied  also  by  an  in- 
crease in  tbe  length  of  the  vessels,  so  that  they  become 
more  or  less  tortuous.  This  enlargement  of  the  blood- 
vessels is  associated  at  the  commencement  of  the  process 
vyith  an  acceleration  in  the  flow  of  blood;  this,  however, 
is  soon  followed  by  a  considerable  retardation  in  the 
circulation,  the  vessels  still  remaining  dilated.  These 
alterations  in  the  rapidity  of  the  blood-flow  cannot  be 
owing  to  the  increase  in  the  calibre  of  the  vessels,  which 
remain  throughout  dilated. 

It  has,  however,  long  been  known  that  the  acceleration 
of  the  blood-flow  in  an  injured  pai-t — the  so-called  determi- 
nation of  blood, which  was  so  correctly  described  more  than 
thirty  years  ago  by  Dr.  C.  J  .  B.  "Williams,  is  not  neces- 
sai-ily  followed  by  retardation.  It  may  gradually  subside 
without  retardation  or  any  of  the  essential  phenomena  of 
inflammation  taking  place.  Oohnheim  has  consequently 
stated  in  his  more  recent  researches  on  inflammation, 
that  the  dilatation  of  the  vessels  and  the  increased 
velocity  of  the  blood-current  which  ensue  immediately 
after  the  infliction  of  the  injury  are  only  temporary  and 
accidental.  They  may  even,  in  some  cases,  be  followed 
by  contraction  before  the  permanent  dilatation  com- 
mences. The  permanent  dilatation  and  dimuiished  velo- 
city, on  the  other  hand,  come  on  slowly  and  are  perma- 
nent, and  these  must  be  regarded  as  the  proper  vascular 
phenomena  of  inflammation.  These  proper  phenomena 
may  be  induced  without  the  previous  occun-ence  of  the 
accidental  ones.* 

In  studying  the  retardation  of  the  circulation  in  the 
dilated  vessels  of  the  mesentery,  it  will  be  found  that 


*  "Noue  Untersucliungeu  tiber  die  Entziiuduug."  Coliuheiin, 
1873. 


INFLAMMATION. 


207 


tMs  sometimes  commences  somewhat  suddenly,  and  that 
it  is  Tisnally  first  observable  in  the  veins.  It  gradually 
increases,  until,  ultimately,  in  some  of  the  capillaries  the 
blood-stream  completely  stagnates.  This  constitutes  the 
condition  known  as  inflammatory  stasis. 

As  the  circulation  becomes  slower,  the  white  blood- 
corpuscles  (leucocytes)  accumulate  in  the  veins.  Their 
natural  tendency  to  adhere  to  the  sides  of  the  vessel  is 
increased,  so  that  they  may  nearly  fill  the  tube.  At  the 
same  time  they  exhibit  active  movements,  by  means  of 
which  they  penetrate  the  walls  of  the  vessels  and  pass 
into  the  surrounding  tissues.  Having  escaped,  they  con- 
tinue to  exhibit  active  movements,  and  they  may  probably 
multiply  by  division.  The  red  corpuscles  also  accumulate, 
more  especially  in  the  capillaries,  and  they  likewise  escape 
through  the  walls  of  these  vessels,  although  in  smaller 
numbers  than  the  white.  The  mesentery  thus  becomes 
so  filled  with  escaped  corpuscles  that  but  little  else  is  to 
be  distinguished.  These  phenomena  will  be  described 
under  the  head  of  "  Exudation  of  Liquor  Sanguinis  and 
Migration  of  Blood-Corpuscles." 

Stasis. — The  phenomena  of  stasis  can  be  better  studied 
in  a  more  locahsed  inflammatory  process,  such  as  may  be- 
produced  by  the  application  of  some  injurious  agent — a 
small  piece  of  nitrate  of  silver,  for  example — to  the 
tongue  of  the  frog.    The  stagnation  of  the  blood  which 
ensues  is  described  by  Cohnheim  in  his  more  recent  re- 
searches, already  alluded  to,  as  being  most  marked  in 
those  capillaries  which  are  situated  in  the  more  central 
portions  of  the  inflamed  area — here  there  is  absolute 
stasis  and  no  emigration  of  corpuscles  takes  place.  Out- 
side this  there  is  an  area  in  which  the  blood  is  circulating 
very  slowly,  and  here  both  red  and  white  corpuscles  pass 
out  of  the  capillaries ;  whilst  more  externally  still,  the 
■white  corpuscles  only  escape  from  the  veins.  The  central 
area,  which  usually  dies,  is  thus  surrounded  by  an  enor- 
mous number  of  red  and  white  corpuscles ;  and  the  red 
corpuscles  which  have  accumulated  in  this  area  are  so 
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closely  packed  that  their  outlines  can  scarcely  be  dis- 
tinguished. 

II.  Exudation  of  Liquor  Sanguinis  and  Migration 
OF  Blood-Ookpuscles. — Another  constituent  of  the  in- 
flammatory process  consists  in  the  exudation  of  the  liquor 
sanguinis  and  the  migration  of  the  blood-corpuscles. 

a.  Migration  of  Blood- Corpuscles. — The  migration  of 
the  white  blood-corpuscles  (leucocytes)  through  the  walls 
of  the  blood-vessels  was  first  described,  although  very  in- 
completely, by  Dr.  W.  Addison  in  1842.*  This  observer 
stated  as  the  result  of  his  researches,  that  in  inflamma- 
tion these  corpuscles  adhered  to  the  walls  of  the  vessels 
and  passed  through  them  into  the  surrounding  tissues. 
In  1846  Dr.  Augustus  Waller  described  more  fully  the 
same  phenomenon,  and  from  his  description  there  can  be 
little  doubt  that  he  actually  observed  the  emigration  of  the 
corpuscles. t  Both  these  observers  concluded  that  the 
escaped  blood-corpuscles  became  pus-corpuscles.  Their 
observations,  however,  were  but  little  thought  of  and  were 
soon  forgotten,  and  it  was  not  until  1867,  when  similar 
investigations  were  instituted  quite  independent!}^  by 
Professor  Cohnheim,  of  Berlin — to  whose  minute  re- 
searches we  must  ascribe  most  of  our  present  knowledge 
on  this  subject — that  the  emigration  of  blood-corpuscles 
came  to  occupy  an  important  place  in  the  pathology  of 
inflammation.  J 

The  emigration  may  be  observed  in  the  mesentery  of 
a  frog  which  has  previously  been  paralysed  by  the  sub- 
cutaneous injection  of  curare.  The  changes  in  the 
blood-vessels  and  in  the  circulation,  and  the  accumula- 
tion of  blood-corpuscles  in  the  part,  have  been  already 
described  ;  it  remains  only  to  consider  the  phenomena  of 
emigration. 


*  "  Experimental  and  Practical  Researches  on  Inflammation." 
Trans.  Prov.  Med.  Association,  1842. 
t  l^'hil.  j\[a(/ardnc.  vol  xsix.  184H. 

t  "Ucber 'Entzlluduug  uud  Eiterung,"  Vircbow's  "Archiv," 
vol  xl. 
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The  white  blood-corpuscles  (leucocytes)  whicli  have 
acci.mulated  in  large  numbers,  especially  in  the  veins, 
remain  almost  stationary  against  the  walls  of  the  vessel, 
the  blood-current  passing  by  them,  although  with  much 
^  diminished  velocity.    Those  immediately  adjacent  to  the 
'  wall,  gradually  sink  into  it,  and  pass  through  it  into  the 
surrounding  tissue.    In  doing  so  they  may  be  observed 
in  the  various  stages  of  their  passage.    At  first  small 
button-shaped  elevations  are  seen  springing  from  the 
outer  wall  of  the  vessel.    These  gradually  increase  until 
they  assume  the  form  of  pear-shaped  bodies,  which  still 
adhere  by  their  small  ends  to  the  vascular  wall.  Ulti- 
mately the  small  pedicle  of  protoplasm  by  which  they  are 
I  attached  gives  way  and  the  passage  is  complete,  the  cor- 
puscle remaining  free  outside  the  vessel. 

The  red  corpuscles  at  the  same  time  pass  out  of  the 
vessels,  but  in  less  considerable  numbers,  and  their  transit 
is  mainly  through  the  walls  of  the  capillaries,  in  which 
they  have  more  especially  accumulated.  As  has  already 
been  stated,  in  those  portions  of  the  inflamed  tissue  where 
absolute  stasis  has  occurred,  no  emigration  takes  place. 

,3.  Exudation  of  Liquor  Sanguinis. — Associated  with 
tthe  passage  of  the  blood-corpuscles  through  the  walls  of 
'the  vessels,  is  an  exudation  of  the  liquor  sanguinis.  The 
exuded  liquor   sanguinis — which  constitutes  the  well- 
known  inflammatory  effusion — differs  from  the  liquid 
which  transudes  as  the  result  of   simple  mechanical 
'ingestion,  inasmuch  as  it  usually  contains  a  larger 
portion  of  albumen  and  fibrinogenous  substance,  a 
portion  which  increases  with  the  intensity  of  the 
ammation.    It  also  contains  an  excess  of  phosphates 
.1  carbonates. 

i  The  most  characteristic  feature  of  inflammatury  efFu- 
don  is  the  large  number  of  cell-structures  which  it  con- 
tains. These  are  the  direct  product  of  the  inliamed 
lissue,  and  are  in  no  case  generated  spontaneously  in  the 
jffaaed  liquid.  Most  of  them  are  migrated  blood-cor- 
juscles,  others  are  derived  from  the  proliferating  elements 
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of  the  tissue.  The  quantity  and  nature  of  the  effusion 
will  thus  vai'y  with  the  tissue  inflamed,  and  with  the 
severity  of  the  inflammatory  process.  In  non-vascular 
tissues,  as  cartilage  and  the  cornea,  exudation  can  only 
occur  to  a  small  extent  from  the  neighbouring  vessels, 
and  hence  the  effusion  is  small  in  quantity.  In  dense 
organs,  as  the  liver  and  kidney,  owing  to  the  compact- 
ness of  the  structure,  a  large  amount  of  effusion  is  im- 
possible, and  what  there  is,  is  so  intermingled  with  the 
structural  elements  of  the  organ  that  it  does  not  appear 
as  an  independent  material.  In  the  kidney  it  escapes 
into  the  urinary  tubes,  and  so  apjaears  in  the  urine.  The 
effusion  is  most  abundant,  and  constitutes  an  important 
visible  constituent  of  the  inflammatory  process,  in  inflam- 
mation of  those  organs  which  possess  a  lax  structure  and 
in  which  the  vessels  are  but  little  supported — as  the  lungs, 
and  in  tissues  which  present  a  free  surface — as  mucous 
and  serous  membranes. 

III.  Alterations  in  the  Nutkition  of  the  Inflamed 
TissTiE. — The  remaining  constituent  of  the  inflammatory 
process  consists  in  alterations  in  the  nutrition  of  the 
elements  of  the  inflamed  tissue. 

The  question  as  to  how  far  the  cellular  elements  of  the 
tissue  participate  in  the  process  of  inflammation  is  one 
which  even  in  the  present  state  of  our  knowledge,  owing  to 
the  difiiculties  which  beset  the  histological  examinatioa 
of  inflamed  structures,  admits  only  of  an  incomplete 
answer.  The  subject  has,  for  the  most  part,  been  inves- 
tigated in  the  lower  animals,  in  which  inflammation  has 
been  artificially  induced.  In  man,  the  study  of  the 
primary  changes  is  diflicult,  owing  to  the  fact  that  the 
process  can  rarely  be  observed  in  its  earlier  stages.  These 
changes  will  be  more  fully  described  when  considering 
inflammations  of  particular  organs  and  tissues  ;  it  will  be 
sufficient  in  the  present  place  merely  to  indicate  their 
general  characters. 

The  alterations  in  nutrition  which  accompany  inflam- 
mation are  in  certain  tissues  characterised  by  an  exalta- 
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tion  of  the  nutritive  functions  of  some  of  the  cellular 
elements  involved  in  the  inflammatory  process.  This  is 
evidenced  by  an  increase  in  the  activity  of  those  elements 
which  normally  exhibit  active  movements,  as  the  amoeboid 
cells  of  connective  tissue  and  of  the  cornea.  Cells,  which 
under  normal  circumstances  undergo  no  alterations  in 
form,  and  exhibit  no  active  movements,  become  active — 
sending  out  processes,  and  undergoing  various  alterations 
in  shape.    (Fig.  61.)    This  increase  in  the  activity,  and 


Fig.  61. 


Amcehoid  Leucocytes,    (v.  Eecklinghausen.) 

variation  in  the  form  of  the  cells,  is  usually  accompanied 
by  the  growth  of  their  protoplasm,  and  frequently  by  its 

I  division,  or  by  vacuolation  and  endogenous  development, 
and  thus  by  the  formation  of  new  cells.    In  many  cases 

I  the  protoplasm  as  it  increases  in  bulk,  becomes  cloudy 
and  granular,  so  much  so  as  frequently  to  completely 
obscure  any  nuclei  which  it  may  contain.  This  occurs 
especially  in  epithelial  elements,  and  it  constitutes  the 
condition  known  as  "  cloudy  swelling."  It  is  well  seen 
in  the  glandular  epithelium  of  the  kidney  in  acute  tubal 
nephritis.    (See  Figs.  104  and  105.) 

A  few  years  ago  the  cells  of  nearly  all  tissues  were 
believed  to  exhibit  these  active  changes  in  inflammation, 
and  many  of  the  young  elements  which  abound  in  in- 
flamed parts  were  regarded  as  the  products  of  their  pro- 
liferation. As  our  methods  of  histological  investigation 
improve,  however,  and  especially  since  the  introduction  of 
the  chloride  of  gold  process  by  Cohnheim,  it  has  become 
increasingly  obvious  that  the  part  which  is  jDlayed  by  the 
cells  of  the  tissue  in  inflammation  is  much  less  than  was 
i  ormerly  supposed ;  and  that  in  many  cases  the  young 
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elements  which  infiltrate  the  inflamed  structure  are  solely- 
escaped  leucocytes. 

The  physiological  peculiarities  of  the  cellular  elements 
appear  to  influence  very  considerably  their  liability  to 
undergo  these  active  changes  in  inflammation.  The  cells 
in  which  active  changes  undoubtedly  occur  are  those 
which  are  normally  active,  and  in  which  growth  and 
proliferation  are  associated  with  the  maintenance  of  the 
tissue  of  which  they  are  constituents.  Such  are  epi- 
thelial elements.  The  activity  of  these  is  increased  iu 
the  process  of  inflammation,  and  it  is  in  inflammation  of 
the  skin,  of  mucous  membranes,  and  of  glandular 
structures,  that  cellular  activity  and  proliferation  are  so 
constantly  met  with.  The  same  is  also  true  to  a  less 
extent  of  endothelium,  as  is  exemplified  in  inflammations 
of  serous  membranes.  In  those  cells,  on  the  other  hand, 
in  which  normally  no  active  changes  take  place,  as 
the  fixed  cells  of  connective  tissue  and  of  the  cornea, 
and  probably  also  those  of  cartilage,  it  is  doubtful  if  any 
activity  is  manifested  in  inflammation.  The  age  of  the 
cells  probably  also  influences  their  tendency  to  become 
active,  the  younger  being  less  stable  and  more  prone  to 
proliferate  than  the  older  elements. 

Although  the  earlier  alterations  in  the  nutrition  of  the 
cellular  elements  of  inflamed  tissues  are  thus  in  many 
cases  those  of  increased  activity,  the  subsequent  ones  are 
characterised  by  impairment  of  nutrition.  The  well- 
known  effect  of  inflammation  is  to  injure  the  part 
affected  by  it.  This  injurious  influence  is  in  great 
measure  due  to  the  blood-stasis,  and  to  the  infiltration 
of  the  tissue  with  the  inflammatory  products  which  have 
escaped  from  the  blood-vessels.  (See  "  Suppuration.") 
If  the  inflammatory  process  be  of  considerable  severity 
and  stasis  be  induced  in  a  wide  area  of  the  tissue,  the 
nutrition  may  become  completely  arrested,  and  gangrene 
be  the  ultimate  result.  (See  "  Causes  of  Gangrene.")  In 
inflammations  of  less  intensity,  the  destruction  of  the 
tissue  is  less  marked,  the  young  cells  which  infiltrate  it 
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may  undergo  fatty  degeneration  and  become  absorbed, 
and  the  part  tbus  recover  more  or  less  completely  its 
former  condition.  (See  "  Inflammation  of  Common  Con- 
nective Tissue— Eesolution.")  In  other  cases,  especially 
in  the  less  severe  forms  of  inflammation,  many  of  the 
young  cells,  both  the  emigrants  and  the  ofi'spring  of  the 
tissue  proliferation,  undergo  progressive  changes  and  lead 
to  the  development  of  a  permanent  tissue,  which  is,  how- 
ever, for  the  most  part,  inferior  in  its  organisation  to 
the  parent  structure.  (See  "Inflammation  of  Common 
Connective  Tissue— Organisation.")  This  tendency  of  the 
new  elements  in  inflammation  to  undergo  progressive  de- 
velopment will  vary  with  the  tissue  involved,  and  with 
the  intensity  of  the  inflammation.  The  more  intense  the 
inflammation,  the  more  abortive  are  the  young  cells,  and 
the  less  is  their  tendency  to  form  a  permanent  tissue. 
(See  "Acute  and  Chronic  Inflammations.") 

In  connective  tissues,  these  changes  in  the  cells  are 
necessarily  accompanied  by  changes  in  the  intercellular 
substance.  The  latter  are  for  the  most  part  characterised 
Iry  softemng.    In  common  connective  tissue  the  fibres  in 
the  first  place  become  succulent  and  less  distinct,  and 
J  ultimately  they  are  completely  destroyed;  in  cartilage 
J  the  matrix  softens  and  liquefies  ;  in  bone,  the  lime-salts 
)  are  removed,  the  lamellee  disappear,  and  the  osseous 
1  structure  becomes  converted  into  medullary  tissue.  Hence 
the  destructive  eff'ects  of  the  inflammatory  process. 

Having  thus  briefly  described  the  succession  of  changes 
which  occurs  in  the  process  of  inflammation,  it  remains 
to  consider  in  what  way  these  result  from  the  injury  of 
the  tissue,  and  how  far  a  causal  relation  subsists  between 
them.* 

The  first  apparent  change  which  follows  the  injury  of 

*  The  following  conclusions  are  in  the  main  those  arrived  at  by 
Professors  Strieker  and  Burdon  Sanderson. — Holmes's  System  of 
Surgery,  vo].  V.  See  also  Lectures  on  the  "  Pathology  of  the  Pro- 
cess of  Inflammation,"  by  Professor  Sanderson. — Lancet,  vol.  i. 
1876. 
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the  tissue  consists  in  the  dilatation  of  the  blood-vessels, 
and  in  an  acceleration  of  the  flow  of  blood.  Eespecting 
the  cause  of  this  primary  vascular  phenomenon — the 
physiological  investigations  of  Ludwig  and  Loven  show 
that  a  similar  dilatation  of  the  vessels  and  increase  in  the 
activity  of  the  circulation  is  produced  by  the  excitation 
of  a  sensory  nerve  in  those  parts  in  which  the  nerve  origi- 
nates. It  was  stated  in  a  previous  edition  of  this  work 
that  the  primary  vascular  phenomena  in  inflammation 
were  probably  in  the  same  way  owing  to  an  injurious 
impression  received  by  the  sensory  nerves  being  reflected 
by  the  vaso-motor  centre  to  the  vessels.  The  more  recent 
investigations  of  Oohnheim,  however,  which  have  been 
already  quoted,  render  it  necessary  that  this  statement 
should  be  modified.  Oohnheim  produced  precisely  the 
same  phenomena  in  the  tongue  of  the  frog  after  every- 
thing had  been  cut  through  with  the  exception  of  the  lin- 
gual artery  and  vein ;  and  also,  in  another  case,  after  com- 
plete destruction  of  the  brain,  medulla,  and  spiaal  cord, 
as  those  which  occur  in  the  intact  animal ;  and  he  con- 
siders that  the  vascular  dilatation  and  accelerated  blood- 
flow  are  due  to  the  direct  influence  of  the  injurious  agent 
upon  the  loalls  of  the  Uood-vessels.  These  experiments 
therefore  appear  to  prove  conclusively  that  the  initial 
injury  of  the  blood-vessels  is  not  necessarily  reflex, 
although  they  do  not  exclude  the  probability  that  it  may 
be  so  under  certain  circumstances. 

With  regard  to  the  cause  of  the  retardation  of  the 
blood-stream  which  so  quickly  succeeds  its  acceleration, 
and  which  may  ultimately  terminate  in  complete  stasis — 
this  also  is  due  to  some  alteration  in  the  properties  of 
the  walls  of  the  blood-vessels  through  which  the  blood 
passes.  That  the  retardation  and  ultimate  stagnation  of  the 
blood-stream  in  acute  inflammation  is  due  to  alterations 
in  the  walls  of  the  blood-vessels  and  not  to  changes  in 
the  blood  itself,  was  first  shown  by  Mr.  Lister.*  Mr.  Lister 

*  "On  the  Early  Stages  of  luflammatiou."— P/iitosop/i.  Trmu^., 
1858. 
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proved  experimentally  that  the  blood  removed  from  an 
inflamed  part  did  not  differ  in  tlie  tendency  of  tlie  red 
blood-corpnscles  to  cohere  to  one  another  from  normal 
blood ;  and  he  concluded,  that  the  accumulation  of  the  red 
corpuscles  in  inflamed  tissues,  and  their  adhesion  to  one 
another  and  to  the  walls  of  the  vessels,  was  owing  to  their 
natural  tendency  to  cohere  together  when  in  abnormal 
circumstances,  such  as  occurs  after  their  removal  from 
the  body ;  and  that  this  cohesion  in  inflammation  which 
leads  to  stasis  was  due  to  impaired  vitality  of  the  walls  of 
the  blood-vessels.  This  conclusion  of  Mr.  Lister  has  been 
verified  by  more  recent  investigations.  Ryneck  has  shown 
that  stasis  may  be  produced  in  the  web  of  a  frog,  in 
which  milk  or  defibrinated  blood  has  been  injected  in 
place  of  the  normal  blood ;  and  also  that  in  vessels,  the 
vitality  of  which  has  been  destroyed  by  the  injection  of 
poisonous  metallic  substances,  no  stasis  can  be  produced.* 
The  investigations  of  Prof.  Cohnheim  are  still  more  con- 
clusive.   Cohnheim  ligatured  the  ear  of  a  rabbit  at  its 
base  with  the  exception  of  the  median  artery  and  vein, 
and  emptied  the  vessels  of  their  blood  by  the  injection  of 
a  weak  saline  solution.  He  then  injected  into  the  emptied 
vessels  various  irritating  solutions,  and  on  again  allowing 
the  blood  to  flow  through  the  thus  injured  vessels  all  the 
phenomena  of  inflammation  ensued.f   He  also  conducted 
a  series  of  experiments,  the  result  of  which  was  to  show 
that  if  the  circulation  in  any  organ  (as  the  ear  of  the 
rabbit)  be  completely  arrested  for  a  sufficient  length  of 
time  by  the  simultaneous  occlusion  of  the  arteries  and 
veins,  and  then  the  blood  be  again  allowed  to  circulate, 
dilatation  of  the  vessels,  hypersemia,  stagnation,  exuda- 
tion, and  all  the  phenomena  of  inflammation  take  place 
in  the  part,  these  phenomena  being  obviously  due  to  the 
damage  sustained  by  the  walls  of  the  blood-vessels  owing 

*  Eyneck,  "  Zur  Kenntniss  der  Stase  des  Blutes  in  den  Gefassen 
Entzundeter  Theilc."— Kollefs  UnUrsuch.  aus  dem  Institute  fur 

riujs.  u.  Histol.  in  Graz.  „  n  i  v  •  10-0 

t  Neue  Uutersuchungen  ubcr  die  Entzundung.    Oobnlieim,  18/ d. 
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to  their  privation,  for  a  sufficient  length  of  time,  of  arte- 
rial blood.  (See"H8emorrliagicInfarction.")  The  results 
of  these  expei-iments  appear  to  be  conclusive,  and  show 
that  the  retardation  and  ultimate  stagnation  of  the  blood- 
stream in  inflammation,  are  owing  to  some  impairment  of 
the  vital  properties  of  the  walls  of  the  blood-vessels  with 
which  the  circulating  blood  comes  into  contact. 

In  explanation  of  the  phenomena  of  emigration,  which 
takes  place  coincidently  with  the  retardation  of  the  blood- 
stream— the  passage  of  the  white  corpuscles  was  formerly 
supi^osed  to  be  due  to  their  inherent  activity,  by  virtue  of 
which  they  penetrated  the  vascular  walls,  passing  through 
stomata  which  were  believed  to  exist  between  the  endo- 
thelium. The  red  corpuscles  were  supposed  to  be  forced 
through  these  openings  by  the  increased  blood-pressure. 
That  neither  of  these  explanations  is  sufficient  to  account 
for  the  phenomena  is  shown  by  Cohnheim's  recent  inves- 
tigations. These  appear  to  prove  conclusively  that  the 
emigration  of  the  blood-corpuscles  and  the  exudation  of 
the  liquor  sangiiinus  are  like  the  other  phenomena  of  in- 
flammation, due  to  some  impairment  of  the  vital  "proiierties 
of  the  walls  of  the  blood-vessels.  Hence,  as  so  well  stated  by 
Dr.  Burdon  Sanderson,  inflammation  is  simply  the  aggre- 
gate of  those  results  which  manifest  themselves  in  an  in- 
jured part,  as  the  immediate  consequence  of  the  injury 
to  which  it  has  been  exposed — an  injury,  it  must  be  borne 
in  mind,  which,  if  of  sufficient  severity,  would  have  led 
to  its  death. 

The  remaining  constituent  of  the  inflammatory  process 
— the  alteration  in  the  nutrition  of  the  inflamed  tissue — 
succeeds  the  changes  in  the  circulation  and  the  exudation. 
Respecting  the  cause  of  the  increased  nutritive  activity 
of  the  cellular  elements  which  characterises  inflammation 
in  certain  tissues — it  is  probable  that  this  is,  tor  the  most 
part,  the  result  of  the  stimulation  of  the  cells  b}''  the 
liquor  sanguinis  exuded  from  the  blood-vessels  ;  although 
the  well-known  experiment  of  Professor  Strieker  on  the 
transplanted  cornea  of  the  frog,  quoted  in  the  last  edition 
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of  this  work,  cannot  now  be  accepted  as  conclusive.  The 
impairment  of  nutrition  produced  by  inflammation  is  due 
partly  to  the  stagnation  of  the  blood,  and  partly  to  the 
injurious  influence  of  the  products  which  escape  from  the 
blood-vessels.  (See  "  Suppuration.") 

Suppuration. — Suppuration,  and  the  formation  of  ab- 
scesses, is  a  very  frequent  result  of  the  inflammatory 
process;  it  occurs  much  more  frequently,  however,  in 
some  inflammations  than  in  others.  As  a  rule  it  may  be 
stated  that  the  more  intense  the  inflammation  the  more 
abundant  is  the  formation  of  pus. 

The  essential  constituents  of  pus  are  cells  and  a  liquid 
in  which  they  are  suspended.  The  liquid  has  an  alkaline 
reaction  and  closely  resembles  the  liquor  sanguinis.  It 
contains  various  kinds  of  albumen,  fatty  matters,  and  in- 
organic substances.  The  cells,  or  pufi-corpuscles  (leu- 
cocytes) are  indistinguishable  from  the  white  corpuscles 
of  the  blood.  As  seen  after  death,  they  are  spherical,  sphe- 
roidal, or  irregular-shaped,  semi-transparent  bodies,  from 
^ioo  ^'^  TsVo  of  ^^^^  diameter,  containing  a  varying 
number  of  granules,  and  usually  one  or  more  distinct 
nuclei.    (Fig.  62.)    The  addition  of  dilute  acetic  acid 


Fig.  62. 


Pus-corpuscles  as  seen  after-  death,    n.  Before,  6.  after, 
the  addition  of  dilute  acetic  acid,    x  400. 

causes  the  cells  to  swell  up  ;  they  become  more  spherical 
and  transparent,  and  the  nuclei  are  rendered  more  appa- 
rent. The  size  of  the  corpuscles  and  nuclei,  and  the 
number  of  the  granules,  present  manifold  variations. 
Pus-corpuscles,  like  white  blood-corpuscles,  lymph- 
corpuscles,  and  many  other  young  cell-forms — all  of 
which  are  included  under  the  common  term  of  leucocytes 
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— are  masses  of  contractile  protoplasm.  They  possess 
the  power  of  spontaneous  movement,  and  when  living 
undergo  continuous  alterations  in  form,  and  migrate  in 
the  tissues.    (See  Fig.  61.)    They  may  also  multiply. 

The  mode  of  origin  of  pus  has  been  the  subject  of 
much  controversy.  The  liquid  ingredient  proceeds  di- 
rectly or  indirectly  from  the  blood,  it  is  the  exuded  liquor 
sanguinis :  about  this  there  is  no  dispute.  The  difference 
of  opinion  which  exists  is  respecting  the  origin  of  the 
formed  elements.  Without  discussing  the  theories  which 
have  been  advanced  bj'  diflPerent  pathologists,  it  must  now 
be  admitted  that  there  are  at  least  two  sources  from  which 
the  cells  of  pus  may  be  derived — one  from  the  blood,  and 
the  other  from  the  inflamed  tissues. 

It  has  been  seen  that  in  the  process  of  inflammation 
innumerable  white  blood-corpuscles  pass  out  of  the  vessels 
into  the  surrounding  tissues,  and  as  these  are  indistin- 
guishable from  pus-corpuscles,  it  must  be  conceded  that 
one  mode  of  origin  of  pus  is  from  the  blood.  Further, 
the  white  blood-corpuscles  may  multiply,  and  it  is  pro- 
bable that  by  this  means  the  production  of  pus  may  be 
greatly  increased. 

The  other  source  from  which  the  cells  of  pus  are  de- 
rived is  from  the  cellular  elements  of  the  inflamed  tissue. 
In  certain  tissues,  as  has  been  seen — especially  in  epi- 
thelial and  endothelial  tissues — the  cells  are  the  seat  of 
active  changes  in  inflammation ;  they  may  multiply  and 
form  new  cells,  and  the  more  intense  the  inflammation, 
the  more  lowly  organised  are  the  newly  formed  elements, 
and  the  less  is  their  tendency  to  form  a  permanent  tissue. 
Some  of  these  newly  formed  cells  constitute  pus-cor- 
puscles. These,  in  this  case,  must  be  regarded  as  young 
elements  resulting  from  the  proliferation  of  the  tissue, 
which  are  of  low  vitality,  and  soon  perish. 

Although  the  formed  elements  of  pus  may  thus  be  de- 
rived both  from  the  blood  and  from  the  inflamed  tissue, 
there  can  be  no  doubt  that  the  former  is  their  principal 
source,  and  that  they  are  in  the  main  migrated  blood- 
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corpuscles.  In  tte  earlier  stages  of  the  inflammatory 
process,  they  are  mostly,  if  not  all,  emigrants  ;  but  m  the 
later  stacres  it  must  be  admitted  that  they  may  also,  m 
certain  tissues,  be  derived  from  the  cells  of  the  inflamed 

part.  .    .  4. 

Such  being  the  modes  of  origin  of  pus,  it  is  evident 
that  the  more  abundant  the  escape  of  blood-corpuscles, 
and  the  more  active  the  proliferation  of  the  elements  of 
the  inflamed  tissue,  the  greater  wiU  be  the  formation  of 
pus,  and  hence  the  greater  its  tendency  to  collect  so  as  to 
form  an  abscess.  It  is  consequently  in  those  inflamma- 
tions which  are  the  most  concentrated  and  the  most  zn- 
fense— provided  that  the  injury  be  not  sufficiently  severe  to 
cause  complete  stasis— that  the  formation  of  pus  is  most 
abundant.  The  greater  the  injury  sustained  by  the  walls 
of  the  blood-vessels,  the  more  readily  will  the  blood- 
corpuscles  penetrate  them,  and  hence  the  more  abundant 
will  be  the  formation  of  pus.  In  inflammations  of  less 
intensity  the  escape  of  blood-corpuscles  is  less  abundant, 
and  the  proliferation  of  the  tissue  less  active,  so  that  pus 
is  not  produced  in  sufficient  quantities  to  cause  its  collec- 
tion in  the  form  of  an  abscess;  it  merely  infiltrates  the 
part,  and  may  require  for  its  recognition  the  use  of  the 
microscope. 

Pus  exercises  a  most  injurious  influence  upon  the  sur- 
rounding tissues.  The  pus-corpuscles  appear  to  be  en- 
dowed with  the  power  of  absorbing  the  tissues  with 
which  they  come  in  contact,  or,  at  all  events,  of  causing 
their  liquefaction.  Hence  the  softening  and  disintegra- 
tion of  the  tissues  which  constitute  such  a  destructive 
element  in  intense  inflammations. 

Pus  which  has  remained  for  any  length  of  time  in  the 
tissues  undergoes  certain  changes.  Its  elements  may 
■undergo  fatty  metamorphosis,  and  thus  be  rendered  ca- 
pable of  absorption.  If  pus  is  long  confined  in  a  closed 
cavity,  its  liquid  portions  may  become  absorbed,  and  its 
cells  atrophy,  so  that  it  gradually  dries  up  into  a  caseous 
mass,  which  may  subsequently  become  calcified. 
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Yarieties  op  Inflammation. — Inflammafcion  exhibits 
certain  -variations  in  its  characters  according  to  the 
severity  of  the  injury  which  produces  it.  The  more 
severe  the  injury  upon  which  the  inflammatory  process 
depends,  the  greater,  cceteris  paribus,  will  be  the  damage 
sustained  by  the  blood-vessels,  and  consequently — if  in- 
stantaneous stasis  be  not  produced — the  greater  will  be 
the  tendency  to  the  exudation  of  liquor  sanguinis  and  to 
the  emigration  of  leucocytes.  Hence  it  is  in  inflammations 
of  considerable  severity  that  the  vascular  phenomena 
are  often  so  pronounced,  the  formation  of  pus  so  abun- 
dant, and  the  softening  and  disintegration  of  the  tissues 
so  considerable.  Such  inflammations,  inasmuch  as  the 
action  of  the  injui-y  which  produces  them  is  for  the  most 
part  of  short  duration,  are  sometimes  designated  acute 
inflammations. 

In  inflammations  of  less  intensity,  in  which  the  damage 
sustained  by  the  blood-vessels  is  less  severe,  the  texturai 
changes  occupy  a  more  prominent  place,  whereas  the 
vascular  phenomena  are  usually  much  less  marked,  and 
the  formation  of  pus  is  less  abundant.  The  precise 
nature  of  these  texturai  changes  must  obviously  partly 
depend  iipon  the  characters  of  the  tissue  which  is  the 
seat  of  the  inflammation,  but  variations  are  also  produced 
according  to  the  severity  of  the  injiirious  agent.  It 
appears  to-me  to  be  probably  true — that  the  less  severe 
the  injury  which  produces  the  inflammation,  the  more 
do  the  resulting  texturai  changes  tend  to  be  limited  to 
the  connective  tissue  which  is  immediately  adjacent  to  the 
blood-vessels  and  lymphatics;  whereas  in  inflammations 
of  somewhat  greater  intensity  more  distant  elements  be- 
come involved.  This  is  seen,  for  example,  in  inflamma- 
tory processes  in  the  kidneys  and  in  mucous  membranes. 
In  the  former,  the  least  severe  forms  of  inflammation  are 
characterised  anatomically  by  an  increase  in  the  con- 
nective tissue  around  the  blood-vessels  (see  "  Interstitial 
]S"ephritis") ;  whilst  in  inflammations  of  somewhat  greater 
intensity,  the  [prominent  texturai  change   consists  in 
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swelling  or  proliferation  of  the  epithelium  within  the 
tubules  (see  "  Tubal  Nephritis").  In  mucous  membranes 
also,  the  more  severe  inflammations  are  attended  by- 
epithelial  proliferation,  the  less  intense  and  more  chronic 
by  changes  in  the  submucous  connective  tissue.  With 
regard  to  the  cellular  elements  in  which  these  active 
changes  take  place — they  are  probably  emigrants,  and 
the  cells  which  are  the  most  intimately  connected  with 
the  lymphatic  system — viz.,  the  cells  of  the  connective 
tissue,  and  the  endothelium  of  the  lymphatics  and  of  the 
blood-vessels.  The  tendency  of  the  textural  changes 
resulting  from  the  least  severe  forms  of  inflammation  to 
be  limited  to  the  connective  tissue  immediately  adjacent 
to  the  blood-vessels  and  lymphatics,  gives  to  these  in- 
flammations certain  peculiarities.  The  new  tissue  origi- 
nating around  the  vessels — consisting  in  the  earlier 
stages  mainly  of  small  round  cells,  but  ultimately  be- 
coming developed  into  a  more  or  less  completely  flbril- 
lated  structure  (an  adenoid  or  fibrous  tissue) — leads  to 
an  induration  of  the  organ  in  which  it  is  situated,  and 
very  constantly,  to  the  subsequent  atrophy  and  retro- 
gressive metamorphosis  of  its  other  histological  elements. 
These  changes  wiU  be  more  fully  considered  when  treat- 
ing of  inflammation  of  the  individual  organs  and  tissues, 
(See  "  Inflammation  of  Common  Connective  Tissue," 
"Cirrhosis  of  the  Liver,"  &c.)  These  least  severe  forms 
of  inflammation,  inasmuch  as  the  injury  which  produces 
them  is  not  only  of  slight  severity,  but  is  usually  also 
prolonged  in  the  duration  of  its  action,  are  often  known 
as  chronic  inflammations. 

Inflammations  are  also  divisible  into  infective  and 
non-infective.  The  infective  inflammations  are  those  the 
products  of  which  possess  infective  properties,  owing  to 
which  the  substances  which,  are  absorbed  from  the  inflamed 
part  tend  to  cause  secondary  inflammations  of  the  tissues 
with  which  they  come  into  contact.  (See  "  Acute  Tuber- 
culosis" and  "  Pyaemia.")  In  these  inflammations.  Dr. 
Sanderson  states,  the  tissues  surrounding  the  seat  of  the 
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injury  are  involved  and  infiltrated  with  the  inflammatory 
products.  The  non-infective  inflammations,  on  the  other 
hand,  are  characterised  by  the  absence  of  these  infective 
properties. 

Inflammations  have  received  different  names,  according 
to  the  nature  of  the  injury  upon  which  they  depend. 
Those  inflammations  which  result  from  external  injuries, 
mechanical  or  chemical  violence,  are  called  traumatic. 
Inflammations  in  which  the  nature  of  the  injury  is  not 
obvious,  are  usually  called  idiopathic.  The  nature  of  the 
injury  may  give  to  the  inflammatory  process  certain  pecu- 
liarities. The  contagium  of  small-pox,  for  example,  gives 
rise  to  inflammation  of  the  skin,  constituting  the  "  rash" ; 
that  of  syphilis,  to  certain  inflammations  of  the  skin, 
mucous  membranes,  and  other  tissues ;  and  that  of 
typhoid  fever,  to  inflammation  of  the  intestinal  lymphatic 
structures.  In  all  these  and  numerous  similar  cases,  the 
nature  of  the  injury  impresses  upon  the  inflammation 
certain  peculiarities,  and  in  so  far  as  the  former  is  specific, 
the  latter  may  be  called  specific  inflammations.  Lastly, 
inflammatory  processes  may  be  modified  by  the  existence 
of  certain  constitutional  peculiarities.  This  is  the  case 
especially  in  Scrofula. 

Of  these  different  varieties  of  inflammation,  scrofu- 
lous inflammation,  the  infective  inflammations,  including 
pyaemia  and  acute  tuberculosis,  and  the  specific  inflam- 
mations resulting  from  the  poison  of  syphilis,  -will  be 
separately  considered  in  the  next  following  chapters. 
The  pathology  of  inflammation  will  then  be  still  further 
elucidated  by  the  study  of  the  process  as  it  occurs  in  the 
various  tissues  and  organs. 


CHAPTER  XXVI. 


SCROFULOUS  INFLAMMATION. 

The  process  of  inflammation  when  occurring  in  fhe  Scro- 
fulous usually  presents  certain  peculiarities. 

The  constitutional  condition  known  as  Scrofula — a  con- 
dition usually  inherited  but  often  acquired — is  charac- 
terised by  certain  pathological  tendencies.  Of  these  the 
most  important  is  an  abnormal  susceptibility  of  certain 
tissues  to  injury,  arid  a  peculiarity  in  the  products  and 
in  the  course  of  the  inflammation  which  the  injury  in- 
duces. This  susceptibility,  more  or  less  general)  is  com- 
monly most  marked  in  the  mucous  membranes  and  in 
the  lymphatic  glands,  although  the  skin,  bones,  and 
joints  are  frequently  affected.  The  part,  however,  which 
is  the  most  prone  to  suffer  varies  considerably  in  diffe- 
rent cases. 

Not  only  is  there  this  susceptibility  to  inflammation, 
but  the  inflammatory  process  tends  to  be  exceedingly 
protracted  ;  it  is  very  readily  reinduced,  and  the  altera- 
tions produced  in  the  part  differ  from  those  caused  by 
inflammation  in  healthy  persons.  When  inflammation 
occurs  in  a  healthy  individual,  if  it  does  not  cause  the 
death  of  the  part,  the  inflammatory  products  either  be- 
come absorbed,  or  the  process  leads  to  suppuration,  or  to 
the  formatiou  of  a  vascular  fibro-nucleated  tissue.  In 
scrofulous  inflammation  the  absorption  of  the  inflamma- 
tory products  is  very  much  less  readily  effected;  they 
tend  to  infiltrate  and  accumulate  in  the  tissue,  where  by 
their  pressure  they  interfere  with  the  circulation,  and  so 
lead  to  retrogressive  and  caseous  changes.    There  is  but 
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little  or  no  tendency  to  tlie  development  of  new  blood- 
vessels, and  hence  there  is  no  organisation  of  the  new- 
growth. 

These  peculiarities  of  inflammation  in  scrofulous  sub- 
jects are  to  be  in  great  measure  ascribed  to  that 
inherent  low  vitality  of  the  tissues  which  obtains  in 

Fig.  63. 


Scrofulous  Inflammation  of  a  Bronchus.  Section  of  a  small 
bronchus  of  a  markedly  scrofiilons  chOd,  the  subject  of 
bronchitis,  which  terminated  in  miliary  tuberculosis.  The 
deeper  structures  of  the  bronchial  wall  are  seen  to  be 
extensively  infiltrated  with  cells,  most  of  which  are  larger 
than  those  met  with  in  the  less  extensive  inTdtration  of 
healthy  inflammation.  The  infiltration  extends  to  and  in- 
vades the  walls  of  the  adjacent  alveoli,  which  are  seen  at 
the  upper  part  of  the  drawing.  The  cavity  of  the  bron- 
chus contains  a  little  mucus,  m.    x.  200,  reduced  ^. 

this  disease,  and  also  to  certain  peculiarities  in  the 
histology  of  the  inflammatory  products.  Virchow  long 
ago  pointed  out  the  richly  cellular  character  of  the  pro- 
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ducts  of  scrofulous  inflammation,  the  tendency  of  the 
cells  to  infiltrate  the  tissue,  and  the  extreme  tardiness 
with  -which  the  infiltration  becomes  absorbed.  Quite 
recently  Professor  Eindfleisch  has  stated  that  these  cells 
are,  for  the  most  part,  larger-  than  those  met  with  in 
healthy  inflammations ;  and  that  this  being  the  case, 
their  removal  by  passage  into  the  lymphatics  is  less 
readily  effected.*  In  tubercle,  the  close  relation  of  which 
to  scrofulous  lesions  is  well  known,  the  existence  of  large 
cell-forms  is  almost  constant,  and  their  pathological  sig- 
nificance in  both  these  allied  products  will  be  more  fully 
considered  when  speaking  of  tuberculosis.  (See  "Tu- 
bercle and  Acute  Tuberculosis.")  This  largeness  of  many 
of  the  young  cells  in  scrofulous  inflammation,  and  their 
marked  tendency  to  infiltrate  and  accumulate  is  well 
shown  in  the  accompanying  drawing  (Pig.  63). 

These  histological  peculiarities  of  the  products  of  scro- 
fulous inflammations  not  only  lead  to  an  extensive  and 
obstinate  infiltration  of  the  aflPected  tissues,  but,  as  in- 
sisted upon  by  Eindfleisch,  they  must  in  the  parenchyma 
of  organs,  as  in  the  glands  and  viscera,  cause  by  the 
pressure  they  exercise,  more  or  less  obstruction  of  the 
blood-vessels,  and  so  interfere  with  the  vascular  supj^ly. 
To  this  interference  with  the  vascular  supply,  and  to  the 
inherent  low  vitality  of  the  celltdar  elements,  is  to  be 
mainly  ascribed  the  retrograde  changes  and  caseous 
metamorphosis  which  are  so  characteristic  of  scrofulous 
lesions. 


*  "  Ziemssen's  CyclopEsdia  of  Practical  Medicine,"  vol.  v.  Article, 
Chronic  and  Acute  Tuberculosis,  by  Eindfleisch. 
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TUBEECLE  AND  ACUTE  TUBERCULOSIS. 

By  acute  tuberculosis  is  understood  a  general  infective 
disease,  which  is  characterised  anatomically  by  the  occur- 
rence of  numerous  minute  nodular  lesions  more  or  less 
generally  disseminated  in  the  various  organs  and  tissues. 
The  generally  disseminated  nodular  lesions,  which  are 
characteristic  of  the  disease,  appear  to  be  inflammatory 
growths,  resulting  from  the  distribution  of  infective  mate- 
rials (probably  minute  particles),  by  means  of  the  blood- 
vessels or  lymphatics  from  some  primary  inflammatory 
product.  They  are,  therefore,  the  anatomical  results  of 
an  infective  inflammatory  process,  and  they  constitute 
what  have  long  been  known  as  miliary  tubercles. 

General  Pathology  of  Acute  Tuberculosis.— Our  know- 
ledge of  acute  tuberculosis  and  of  its  anatomical  result— 
tubercle,  has  until  recently  been  involved  in  obscurity ; 
but  at  the  present  time— owing  in  great  measure  to 
scientific  experimental  research— it  may  be  regarded  as 
being  much  more  complete.  According  to  the  older  doc- 
trines, which  were  based  upon  the  teaching  of  Laennec, 
tubercle  was  looked  upon  as  a  specific  non-inflammatory 
growth  which  originated  spontaneously  in  the  tissues. 
Further,  this  new  growth  was  characterised  by  the  regular 
succession  of  changes  which  it  invariably  underwent  ;— 
it  was  flrst  grey  and  translucent,  then  became  opaque,  and 
ultimately  caseous.  Hence  in  its  earlier  stages  it  was 
known  as  grey,  in  its  later  as  yelloiv  tubercle.  Caseous 
metamorphosis  was  held  to  be  such  a  distinguishing  pecu- 
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liarity  of  the  growth,  that  all  caseous  masses  were  regarded 
as  tubercular,  and  the  term  "  tubercle"  came  to  be  applied 
indiscriminately  to  all  pathological  products  which  had 
undergone  this  form  of  degeneration,  and  which  in  their 
colour  and  consistence  somewhat  resembled  soft  cheese. 
Caseation,  however,  as  already  stated,  although  most 
frequent  in  tuberculous  and  scrofulous  lesions,  is  a 
common  result  of  the  retrograde  metamorphosis  of  many 
growths  which  are  destitute  of  or  contain  but  few  blood- 
vessels, and  which  consist  of  closely-crowded  cellular 
elements.  (See  "  Caseation.")  For  this  much  wider 
extension  of  the  pathological  significance  of  caseous 
degeneration  we  are  mainly  indebted  to  Professor 
Yirchow.* 

The  infective  nature  of  acute  tuberculosis  was  first 
promulgated  about  twenty  years  ago  by  Buhl,  who  stated 
that  in  the  majority  of  cases  of  this  disease,  indurated 
masses  which  had  become  caseous  existed  in  some  part  of 
the  body,  and  that  to  the  absorption  of  substances  from 
these  infective  centres  the  general  development  of  the 
tubercle  was  owing.  He  further  stated  that  in  those  cases 
in  which  the  tubercles  were  confined  even  to  limited  por- 
tions of  a  single  organ,  they  were  also  secondary  to 
caseous  lesions.  Buhl's  theory,  therefore,  implied  that 
the  origin  of  the  infective  substances  was  necessarily 
associated  with  caseous  metamorphosis  of  the  primary 
inflammatory  induration.  A  modification  of  this  view 
of  the  nature  of  the  infecting  lesion  has  since  been  ren- 
dered necessary,  both  by  the  results  of  post-mortem 
observations,  and  also  by  those  which  have  been  obtained 
from  the  artificial  production  of  tuberculosis  in  the  lower 
animals. 

The  experimental  investigation  of  acute  tuberculosis 
was  commenced  by  Yillemin  in  1866,  and  subsequently 


*  For  farther  information  on  the  history  of  "  tubercle,"  the  reader 
is  refen-ed  to  the  commencement  of  tbo  chapter  on  "Pulmonary 
Phthisis," 
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followed  out  by  Burdon  Sanderson,  "Wilson  Fox,  Cohn- 
lieim,  Klebs,  and  others.  The  methods  of  investigation 
consisted  either  in  the  inoculation  of  various  inflamma- 
tory products — for  the  most  part  products  of  chronic 
inflammations  (caseous  or  not  caseous),  or  in  the  j^roduc- 
tion  of  a  local  inflammatory  induration  by  the  introduction 
of  setons  and  of  other  foreign  bodies  beneath  the  skin. 
Of  inflammatoi-y  products  Dr.  Sandei-son  found  that  none 
proved  so  active  as  that  obtained  from  the  indurated 
lymphatic  glands  of  an  animal  already  suffering  from  the 
disease.  In  both  cases,  after  a  certain  lapse  of  time,  dis- 
seminated inflammatory  lesions  were  produced  in  various 
organs  and  tissues — lesions  which  presented  a  special 
tendency  to  become  caseous  at  their  centres.  It  was  also 
found  that  the  distribution  of  these  lesions  varied  accord- 
ingr  as  the  infective  materials  were  introduced  into  the 
blood-vessels  or  lymphatics,  clearly  proving  that  they 
resulted  from  the  dissemination  of  infective  substances  by 
means  of  the  blood  and  lymph  streams.  The  results  of 
these  experiments  therefore  show,  in  the  first  place,  that 
caseation  of  an  inflammatory  product  is  not  necessary 
in  order  for  it  to  constitute  an  infective  focus ;  and, 
secondly,  that  the  development  of  the  general  tuberculosis 
is  not  due  to  anything  specific  in  the  substances  inocu- 
lated, but  that  the  products  of  various  inflammatory  pro- 
cesses (for  the  most  part  of  inflammations  of  slight 
intensity),  may  constitute  the  infective  agents. 

The  lesions  produced,  however,  in  artificial  tuberculosis 
difier  somewhat  from  those  met  with  in  the  natural 
disease  as  it  occurs  in  man.  They  differ  both  in  their 
anatomical  distribution,  and,  to  a  less  extent,  in  their 
pathological  tendencies.  The  differences  in  anatomical 
distribution  are  principally  confined  to  the  brain  and 
lungs.  The  brain,  which  is  so  frequently  aff'ected  in  the 
natural  disease  in  man,  is  rarely  so  in  artificial  tubercu- 
losis. In  the  lungs,  the  first  structural  changes  which 
take  place  in  artificial  tuberculosis  are  stated  by  Dr. 
Klein  to  consist  in  the  des-^elopment  of  adenoid  tissue 


TUBERCLE  AND  ACUTE  TUBERCULOSIS.  229 


around  the  perivascular  lymphatics,  the  implication  of 
the  alveoH  being  only  a  secondary  part  of  the  process* 
In  the  natural  disease  in  man,  on  the  other  hand,  the 
changes  commence  in  the  alveoli  themselves.  Eespecting 
differences  in  their  pathological  tendencies— it  is  to  be 
remarked  that  caseation  occurs  much  more  extensively  in 
the  lesions  artificially  induced  than  in  man.  In  the 
former,  also,  diffused  tracts  of  consolidation  are  more 
frequently  associated  with  the  miliary  lesions,  and  they 
may  even  constitute  the  predominant  structural  changes. 
These  differences,  however,  are  probably  to  be  regarded 
as  resulting  from  differences  in  the  intensity  of  the 
infective  agent,  and  from  peculiarities  in  the  morbid 
tendencies  of  the  tissues  involved,  and  not  as  any 
evidence  of  a  want  of  analogy  in  the  pathology  of  the 
two  diseases. 

Passing  on  to  consider  acute  tuberculosis  as  it  is  met 
with  in  man,  it  must  in  the  first  place  be  stated  that  it 
occurs  most  frequently  in  those  who  are  scrofulous, 
and  one  or  more  masses  of  inflammatory  induration 
which  have  become  caseous  are,  in  the  great  majority  of 
cases,  to  be  found  in  some  part  of  the  body  after  death  ; 
sometimes  in  the  lungs,  sometimes  in  the  bronchial  glands, 
sometimes  in  the  glands  of  the  mesentery,  &c.  Caseous 
metamorphosis,  as  was  seen  in  the  preceding  chapter,  is 
exceedingly  common  in  scrofulous  inflammation,  owing 
to  the  marked  cellular  infiltration  and  consequent  antemia 
which  characterise  the  process ;  and  it  is  these  products 
of  scrofulous  inflammation  which  are  the  most  common 
caiose  of  acute  tulerculosis .  Much  less  frequently  cases 
of  acute  tuberculosis  are  met  with,  in.  which  there  exists 
some  inflammatory  lesion  which  is  not  caseous,  as  a 
simple  induration,  an  inflamed  bone,  or  an  ulcerated 
mucous  membrane ;  whilst  in  exceedingly  rare  cases  it  is 


*  "On  the  Lymphatic  System  of  the  Lungs,"  by  Dr.  E.  Klein. 
"Proceedings  of  the  Royal  Society,"  No.  149,  1874. 
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stated  that  no  such  products  of  a  previous  inflammatory 
process  has  been  discoYerable. 

The  results  of  post-mortem  observations  of  the  natural 
disease  thus  ajjpear  to  justify  the  same  conclusions 
respecting  the  nature  of  the  infective  substances  as  those 
derived  from  the  experimental  investigation  of  the  disease 
in  the  lower  animals,  and  in  a  man  also  it  must  therefore 
be  regarded  as  in  the  highest  degree  probable  that  any 
inflammatory  product  may,  under  certain  circumstances, 
give  rise  to  a  tuberculous  process,  and  that  although 
caseation  of  the  product  is  most  frequent,  it  is  not  essential 
in  order  for  it  to  constitute  an  infective  focus.  Why 
sach  inflammatory  products  should  in  some  cases  be 
infective,  whilst  in  others  they  remain  inert,  we  are 
unable  certainly  to  explain.  In  attempting  to  answer 
this  question,  it  must  be  remembered  that  such  products 
may  aocidentcdly  become  placed  in  direct  communication 
with  the  vascular  or  lymphatic  systems ;  and  also  that 
infective  substances  are  much  more  liable  to  produce 
results  in  some  constitutions  and  in  some  conditions  than 
in  others.  It  is  also  possible  that  the  infective  properties 
of  an  inflammatory  product  may  be  determined  by 
atmospheric  influence,  or  by  the  presence  of  minute 
organisms.    (See  "  SepticEemia.") 

Whilst  acute  tuberculosis  is  thus  an  infective  disease, 
it  is  an  infective  disease  of  a  special  kind.  In  the  first 
place,  the  infective  substances  derived  from  the  infective 
focus — which  are  probably  minute  particles — not  only 
exercise  their  injurious  influence  over  areas  of  tissue 
which  are  for  the  most  "part  exceedingly  small  (hence 
the  miliary  character  of  the  lesions),  but  the  injury  they 
inflict  is  of  comparatively  sUght  severity.  The  principal 
result  of  their  dissemination  is  consequently  to  cause  a 
textural  change— a  new  growth  of  tissue  at  the  sea  t  of  the 
injury.  (See  "  Chronic  Inflammations.")  In  this  respect 
this  disease  presents  a  marked  contrast  to  one  with  which 
it  is  closely  allied— pyaamia,  in  which  the  severity  of  the 
injury  produced  by  the  infective  particles  is  much  greater 
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and  gives  rise  to  the  formation  of  abscesses  (See 
"Py^Bmia.")  In  pyaemia  the  intensity  of  the  dissemi- 
nated inflammatory  processes  is  considerable,  and  the 
course  of  the  disease  is  usually  acute,  whilst  m  acute 
tnbercnlosis  the  inflammatory  processes  are  much  less 
severe,  and  the  disease  tends  to  run  a  more  chronic 
cou.rs6. 

Histology  ov  Tubekcle.— The  mihary  lesions  in  acnte 
tuberculosis,  although  presenting  certain  differences  ac- 
cording to  their  age,  and  to  the  nature  of  the  tissue  m 
which  they  originate,  are  tolerably  uniform  m  their  histo- 
logical characters.  Their  most  marked  feature  is  the 
prominent  place  wHch  large  multinucleated  masses  of 
protoplasm— the  so-called  giant  ceUs— occupies  m  their 
constitution.  These  large  cells,  which  somewhat  resemble 
the  myeloid  cells  met  with  in  sarcomatous  tumours,  &c., 
were  long  ago  alluded  to  by  Yirchow,  Wagner,  and 
others,  but  it  is  only  during  recent  years,  mainly  owing 
to  the  researches  of  Oscar  Schuppel  and  Langhans,  that 
they  have  come  to  occupy  a  prominent  place  in  the 
histology  of  tubercle. 

The  most  characteristic  features  of  these  multmucleated 
cells  are  their  large  size,  the  number  of  their  nuclei,  and 
the  irregularity  of  their  outline.    Some  of  the  larger  ones 
measure  as  much  as       ^^'^^     diameter.    They  possess 
no  limiting  membrane,  but  are  simple  masses  of  proto- 
plasm,   containing    numerous   round  or  roundly-oval 
nuclei,  each  enclosing  a  bright  nucleolus.    (Figs.  64,  65, 
and  66.)    As  many  as  forty  nuclei  may  occasionally  be 
counted  in  a  single  cell.   Some  of  them  are  much  smaller, 
and  contain  only  three  or  four  nuclei.    Four  or  five,  or 
even  more,  of  these  multinucleated  masses  are  sometimes 
found  in  a  single  tuberculous  nodule.    Many  of  these 
large  cells  possess  long  branched  processes,  in  connexion 
with  which,  and  evidently  originating  from  them,  are 
smaller  protoplasmic  masses,  also  nucleated  and  branched. 
(See  Figs.  65  and  66.)    The  meshes  between  the  branched 
ceUs  are,  according  to  Schuppel,  filled  with  epithelial-like 
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Fig.  64. 


A  Mtdtinucleated  Cell  from  the  Luvg  in  a  case  of  Chronic 
Phthisis.  Shovnng  the  large  number  of  nuclei  with 
bright  nucleoli,    x  400. 

Fig.  65. 


A  Multinucleated  Cell  from  the  Lwig  in  a  case  of  Clironic 
Phthisis.  Showing  the  long  branched  processes,  wliich 
are  continuous  with  the  reticulum  of  the  surrounding 
indurated  growth.  Some  of  the  processes  are  in  con- 
nexion with  smaller  nucleated  elements,    x  200. 
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elements.  These  elements  I  have  failed  to  observe,  and 
the  meshes  I  have  either  found  empty,  or  containing  a 
few  lymphoid  cells.  (Fig.  66.)  It  would  thus  appear 
that  the  original  protoplasmic  mass  gives  origin  to  a  net- 
work of  large  branched  cells. 

Fig.  66. 


Multinucleated  and  branched  Cells  from  a  firm  Grey  Milianj 
Tubercle  of  the  Lung  in,  a  Case  of  Acute  Tuljerculosis.  Wide 
meshes  are  seen  in  the  immediate  vicinity  of  the  cells  en- 
closing a  few  lymphoid  elements.  The  branched  processes 
are  directly  continuous  with  the  adenoid  retictiliim  of  the 
tubercle,    x  200. 


"With  regard  to  the  histological  elements  from  which 
the  giant  cells  originate — this  varies.  In  the  lung. 
Dr.  Klein  states,  that  they  are  derived  from  the  alveolar 
epithelium.  They  may  also  probably  originate  from  the 
cells  of  connective  tissue,  and  from  the  endothelium  of 
the  blood-vessels  and  lymphatics.  Their  formation  takes 
place  either  by  the  fusion  of  two  or  more  cells,  or  by  the 
excessive  development  of  one  cell.  In  the  latter  case,  the 
cell  increases  in  size  and  its  nuclei  multiply,  but  here  the 
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process  of  development  ceases — there  is  no  subsequent 
division  of  the  cell. 

Associated  with,  and  surrounding  the  giant  cell  and 
its  branches,  is  a  small- celled  adenoid -like  structure. 
(Fig.  66.)  This  small-celled  structure,  which  often  con- 
tributes largely  to  the  formation  of  the  tubercle,  some- 
what resembles  that  of  an  indurated  lymphatic  gland, 
which  is  commonly  known  as  adenoid  tissue.  A  similar 
structure,  as  has  been  already  stated,  is  also  met  with  in 
chronic  inflammations  of  the  liver,  lungs,  and  other  organs. 
(See  "  Chronic  Inflammations.")  It  consists,  in  the  main, 
of  lymphoid  cells,  which  are  either  separated  from  one 
another  by  fine  bands  of  homogeneous  transparent-looking 
material,  or  by  a  more  or  less  distinctly  fibrillated,  and 
sometimes  nucleated  reticulum,  within  the  meshes  of 
which  the  cells  are  grouped.    (Fig.  67.)    This  reticulum 


Fig.  67. 


A  portion  of  a  Gre)/  Miliary  Tubercle  qfthe  Lung. 
Showing  the  adenoid-like  structure  met  with  La 
large  jiortions  of  ttiose  nodules,    x  200. 

is  sometimes  dense  and  weU  marked,  whilst  in  other  cases 
it  is  much  less  prominent.  In  addition  to  the  small 
lymphoid  cells  there  are  often  seen  some  rather  larger 
cells  containing  one,  and  in  some  cases,  two  nuclei.  (See 
"  Scrofulous  Inflammation,"  Fig.  63.) 

An  elementary  tubercle  thus  consists  of  a  giant-cell 
reticulum  surrounded  by,  and  in  direct  histological 
continuity  with,  a  varying  sized  zone  of  small-celled 
tissue.  This  is  well  shown  in  Fig.- 66.  (See  also  Fig.  70.) 
The  larger  tuberculous  nodules  consist  of  several  of  these 
giant-cell  systems.    (See  Fig.  76.) 

Although  the  above  characters  of  tubercle  are  to  be 
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observed  in  successful  preparations  and  in  certain  stages 
of  the  tuberculous  growth,  many  of  them  will  often  be 
found  wanting.  The  nuclei  and  processes  of  the  giant 
cells  will  not  always  be  seen,  and  the  cells  often  appear 
simply  as  yellowish,  somewhat  granular  masses  m  which 
neither  nuclei  nor  processes  are  visible.  In  this  imperfect 
state  they  are  to  be  found  in  tuberculous  nodules  from 
all  organs  in  which  tubercle  is  met  with. 

It  remains  to  speak  of  the  blood-vessels  of  tubercle. 
The  vessels  of  the  tissue  in  which  the  nodule  originates 
gradually  become  obliterated  in  the  process  of  its  growth, 
and  there  is  no  new  formation  of  vessels,  such  as  takes 
place  in  more  highly  developed  inflammatory  tissue. 
(See  "Inflammation  of  Common  Connective  Tissue.") 
The  tubercle  is  therefore,  except  in  the  earliest  stages  of 
its  development,  non-vascular.  (See  "  Scrofulous  Inflam- 
mation.") 

Although,  the  structure  which  has  been  described  is  that 
most  commonly  met  with,  it  must  be  borne  in  mind  that 
all  tuberculous  lesions  are  not  thus  constituted.  When 
treating  of  the  changes  in  the  several  organs,  it  wiU  be 
seen  that  the  precise  histological  constitution  of  the  no- 
dules varies  somewhat,  according  to  the  characters  of  the 
tissue  in  which  they  originate.  In  the  lung,  for  example, 
many  of  them  consist  largely  of  accumulations  of 
epithelial  ceUs  within  the  pulmonary  alveoli. 

Secondary  Changes. — Tubercle  invariably  undergoes 
more  or  less  retrograde  metamorphosis,  although  the 
extent  of  this  varies  considerably,  and  in  some  cases  tbe 
nodules  may  become  developed  into  an  imperfect  fibroid 
structure.  The  occurrence  of  retrograde  metamorphosis 
is  mainly  owing  to  the  obliteration  of  the  blood-vessels 
which  accompanies  the  growth  of  the  lesions.  The 
chauge  commences  in  the  centre  of  the  nodule,  this  being 
the  part  first  developed,  and  consequently  that  which  is 
the  furthest  removed  from  vascular  supply.  The  nodule 
breaks  down  into  a  granular  fatty  debris,  so  that  its 
central  portions  soon  become  opaque  and  yellowish. 
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Fig.  68. 


One  of  the  Grey  Nodules  from 
the  Lung  in  a  case  of  Acute 
Tuberculosis,  which  is  becoming 
opaque  and  soft  in  the  centre. 
(Diagrammatic.) 


(Fig.  68.)  In  some  cases  the  process  of  disintegration  is 
rapid,  whilst  in  others  it  is  more  gradual.    It  is  usually 

most  marked  in  the  larger 
and  more  diffused  lesions, 
and  hence  it  is  these  lesions 
which  are  most  com.monly  of 
a  yellow  colour  and  soft  con- 
sistence ("yellow  tubercle'"). 
In  other  cases  the  retrograde 
change  is  less  marked,  the 
reticialnm  of  the  nodule 
becomes  denser  and  more 
fibroid,  and  although  the  im- 
perfect fibroid  tissue  usually 
ultimately  undergoes  in  its 
central  parts,  more  or  less  fatty  metamorphosis,  the 
nodule  may  i-emain  as  a  fii-m  fibroid  mass.*  This  occurs 
more  especially  in  the  smaller  lesions.  The  extent  and 
rapidity  of  the  retrograde  change  depends,  I  believe, 
partly  upon  the  intensity  of  the  infective  process,  and 
partly  upon  constitutional  conditions.  The  existence  of 
scrofula  favours  retrograde  changes  in  the  tuberculous 
lesions  as  it  does  in  all  inflammatory  products,  and  it 
is  in  those  who  are  markedly  scrofulous  that  tubercle 
undergoes  the  most  rapid  degeneration.  (See  "  Scro- 
fulous Inflamma,tion.")  These  changes  will  also  be  in- 
fluenced by  the  intensity  of  the  infective  process.  The 
more  intense  the  process,  the  greater  is  the  tendency 
to  the  degeneration  and  softening  of  the  nodules ;  the  less 
intense  and  more  chronic,  the  more  liable  are  the  miliary 
lesions  to  become  fibroid. 

Local  Tubeuculosis. — Before  concluding  the  considera- 
tion of  the  general  pathology  of  tuberculosis,  allusion  must 
be  made  to  those  cases  in  which  the  tuberculous  processes 


*  Dr.  Klein  states  (loc.  cit.)  lliat  tliG  large  multiuucloated  cells 
undergo  a  fibroid  transfomiatiou,  aud  become  couverted  into  a 
dense  feltwovk  of  fibrillar  tissue,  which  tissue  gradually  dies  awoy 
and  becomes  caseous. 
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are  confined  to  a  single  organ.  This  limited  tuberculosis 
differs  from  the  more  general  one  only  in  the  extent  of 
the  distribiition  of  the  infected  materials.  The  miliary 
lesions  originate  from  some  retrograde  inflammatory  pro- 
duct situated  usually  in  the  same  organ  as  that  in  which 
they  occur,  and  their  limitation  is  probably  owing  to  the 
infective  substances  being  disseminated  by  the  lymphatics 
and  serous  canals  and  not  by  the  blood-vessels.  This 
will  be  again  referred  to  in  the  chapter  on  "  Piilmonary 
Phthisis,"  and  also  in  the  following  description  of  the 
tuberculous  process  as  it  occurs  in  the  several  organs  and 
tissues. 

CoNCLTrsiONS. — Having  thus  described  the  histological 
characters  of  tuberculous  lesions,  it  remains  to  consider 
the  relation  which  subsists  between  these  lesions  and  the 
products  of  non-tuberculous  inflammations.  The  tuber- 
culous lesions  being  inflammatory  growths — the  result  of 
the  injurious  influence  of  infective  particles  upon  the 
small  areas  of  tissue  with  which  they  come  into  contact — 
why  do  they  differ  from  the  tissue  changes  which 
accompany  ordinary  chronic  inflammation  ?  The  answer 
to  this  question  is  at  present  far  from  satisfactory. 

It  must  be  admitted  that  constitutional  conditions 
influence  considerably  the  occurrence  and  character  of 
tuberculosis.  Tuberculous  processes  occur,  for  the  most 
part,  in  the  scrofulous,  and  the  products  of  some 
scrofulous  iuflammation  are  the  most  frequent  infective 
agents.  Constitutional  conditions  may  probably  thus  so 
modify  an  inflammatory  process  as  to  give  to  its  products 
infective  properties.  It  must,  I  think,  also  be  regarded 
as  probable  that  conditions  of  the  constitution  may 
influence  the  effect  produced  by  the  dissemination  of  the 
infective  particles,  and  that  these  particles,  whether 
derived  from  a  caseous  or  non-caseous  focus,  may  in 
certain  conditions  of  the  constitution  give  rise  to  tuber- 
ctJous  processes,  whilst  in  others  their  dissemination  is 
unattended  by  change. 

The  histological  peculiarities  of  the  tuberculous  lesions 
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appear  also  to  depend  mainly  upon  constitutional  condi- 
tions. The  influence  of  scrofula  upon  the  histological 
changes  which  accompany  inflammation  has  already  been 
seen,  and  from  the  close  histological  relationship  which 
subsists  between  the  disseminated  nodules  met  with  in 
tuberculosis  and  the  more  diifused  lesions  produced  by 
primary  inflammation  in  scrofulous  subjects,  and  also 
from  the  fact  that  it  is  in  the  scrofulous  that  tuberculosis 
most  frequently  occurs,  we  may,  I  thiuk,  assume  that  the 
characters  of  tuberculous  lesions  also  are  dependent  upon 
a  constitutional  state. 

In  both  scrofulous  inflammation  and  tuberculosis  there 
is  a  tendency  to  the  development  of  large  cell-forms  and 
to  the  formation  of  a  lowly  organised  and  non-vascularised 
structure  which  soon  undergoes  retrograde  changes. 
These  characters  of  the  inflammatory  new  growth  appear 
to  me  to  be  probably  due  to  the  inflammatory  process 
occurring  in  tissues  of  such  low  vitality  that  the  cellular 
inflammatory  products  are  incapable  of  forming  an 
organised  vascular  tissue,  but  merely  undergo  some 
increase  in  size  and  then  tend  to  slowly  degenerate.  The 
'  protoplasm  grows,  the  nuclei  multiply,  but  the  higher  • 
manifestation  of  vitahty— the  subsequent  division  of  the  : 
protoplasmic  mass— does  not  take  place,  and  thus  are  : 
produced  the  giant  cells. 


TUBERCULOSIS  OF  THE  PIA  MATER. 

In  the  pia  mater  the  tuberculous  process  is  associated  I 
with  inflammation  of  the  meninges,  constituting  the  con-  ■ 
dition  known  as  Uihercular  meningitis.  This  is  almost  t 
ifivariably  a  part  of  a  general  tuberculosis. 

The  process  is  almost  exclusively  confined  to  the  pia  i 
mater  as  the  base  of  the  brain,  and  the  tuberculous  s 
nodules— which  may  easily  escape  observation— are  seen :. 
in  connexion  with  the  small  arteries  in  the  Sylvian: 
fissures,  and  deeply  seated  between  the  convolutions.  _  A\ 
few  scattered  granulations  are,  however,  frequently  visible  > 
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on  the  upper  surface  of  the  hemispheres.  The  inflamma- 
tory growth  originates  in  the  perivascular  lymphatic 
sheaths  which  enclose  the  small  arteries  of  the  pia  mater. 
(Fig.  69.)    The  cells  of  the  sheath  multiply,  and  the  pro- 

FiG.  69. 


Miliar!/  Tubercle  in  the  Pia  Mater.  The  dotted  line  indicatPS 
the  oi-iginal  size  of  the  tubercular  nodule.  A.  The  lymphatic 
sheath.  V.  The  blood-vessel.  F.  Proliferation  of  elements 
within  the  sheath,    x  100.    (Cornil  and  Eanvier.) 


cess  of  proliferation  commencing  at  separate  centres, 
numerous  small  grey  nodules  are  produced  around  the 
vessel.  These,  which  are  distinctly  visible  to  the  naked 
eye,  cause  an  external  bulging  of  the  sheath,  and  a  dimi- 
nution in  the  calibre,  or  even  complete  obliteration,  of  the 
enclosed  vessel. 

The  localised  obstructions  to  the  circulation  which  re- 
sult from  the  pressure  of  the  perivascular  nodules  cause 
intense  hyperaemia  of  the  collateral  vessels,  and  thus  the 
pia  mater  at  the  base  of  the  brain  becomes  exceedingly 
vascular,  there  being  in  some  cases  rupture  of  the  vessels 
and  extravasation.    This  is  followed  by  a  more  general 
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inflammatory  process — a  true  basic  meningitis.  A  transu- 
dation of  the  liquor  sanguinis  takes  place  from  the 
hyperasmic  and  injured  vessels,  blood-corpuscles  escape, 
and  thus  the  meshes  of  the  pia  mater  become  infiltrated 
with  a  sero-fibrinous  liquid,  which  in  many  parts  has  a 
puriform  character. 

The  changes  in  the  pia  mater  at  the  base  of  the  brain 
are  attended  by  softening  of  the  immediately  subjacent 
cerebral  substance,  which  becomes  infiltrated  with  young 
cells.  The  lateral  ventricles  at  the  same  time  become 
distended  with  serosity  (acute  hydrocephalus),  so  that  the 
convolutions  on  the  surface  of  the  hemispheres  are  seen 
to  be  much  flattened.  The  ependyma  and  choroid  plexus 
also  become  exceedingly  vascular,  and  the  walls  of  the 
ventricles,  together  with  the  fornix  and  soft  commissure, 
become  much  softened.  All  of  these  changes  are  owing, 
pai-tly  to  an  inflammatory  process,  and  partly  to  the  me- 
chanical obstruction  to  the  circulation  caused  by  the 
tuberculous  growth.  In  addition,  the  arachnoid  membrane 
is  dry  and  sticky. 

Tuberculous  Masses  in  the  Brain. — In  addition  to  the 
miliary  lesions  occurring  in  the  pia  mater  in  tubercular 
meningitis,  large  tuberculous  masses  are  occasionally  met 
with  in  the  brain  uuassociated  with  a  general  tuberculous 
process.    These  masses,  which  vary  in  size  from  a  hazel 
nut  to  a  hen's  egg,  commonly  occur  in  the  cerebral  sub- 
stance, especially  at  the  base  of  the  brain.    They  are  of 
a  pale  yeUow  colour  and  firm  consistence,  and  usually 
form  quite  round  globular  tumours.  Their  surface  is  often 
seen  to  be  covered  with  minute  grey  nodules,  which  extend 
into  the  surrounding  tissue;  and  on  section,  similar  nodules 
are  sometimes  visible,  scattered  through  the  substance  of  " 
the  tumour.    In  most  cases  only  one  or  two  such  masses 
are  found,  but  occasionally  they  are  more  numerous.  They 
occur  especially  in  childhood,  and  usually  in  children  in  . 
whom  there  is  a  general  tendency  to  caseation  of  inflam-  ■ 
matory  products  ("scrofulous"  children).    When  exa- ■ 
mined  microscopically  they  are  found  to  be  made  up  of  i 
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.in  adenoid  structure  and  large  branolied  cells,  sucli  as 
has  been  already  described  as  so  characteristic  of  tuber- 
culous lesions.  This  structure — which,  is  best  seen  in  the 
peripheral  portions  of  the  tumour — is  often  concentrically 
arranged  around  blood-vessels,  and  is  found  undergoing 
in  different  parts  fibrous  and  caseous  metamorphosis. 

Respecting  the  nature  of  these  masses  and  the  way  in 
which  they  originate,  it  is  difficult  to  speak  with  cer- 
tainty. From  the  fact  that  miliary  nodules  are  so  often  to 
.be  seen  on  their  surface  and  extending  into  the  surround- 
ing tissue,  it  is  supposed  that  they  originate  by  the  aggre- 
gation of  such  nodules — that  the  primary  nodule  con- 
stitutes an  infective  focus,  and  so  causes  a  succession  of 
growths  in  its  immediate  vicinity.  This  hypothesis  is  pro- 
bably correct.  Occasionally  the  tuberculous  mass  causes 
a  more  general  infection,  and  so  gives  rise  to  tubercular 
meningitis  or  to  a  general  tuberculosis. 

TUBERCULOSIS  OF  LYMPHATIC  GLANDS. 

In  the  lymphatic  glands,  tuberculous  processes  give 
rise,  in  the  first  place,  to  changes  in  the  peripheral  por- 

FiG.  70. 


Tiiherailosis  of  a  Lijmphatk  Olnnd.    The  earliest  stage 
of  the  process.    Showing  the  giant  cell,    x  2UU. 

tions  of  the  gland,  inasmuch  as  it  is  with  these  that  the 
infective  materials  which  are  conveyed  by  the  lymphatic 
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vessels  first  come  into  contact.  The  active  changes  in  the 
gland  begin  with  the  formation  of  a  large  multinucleated 
branched  cell.  (Fig.  70.)  In  the  earlier  stage  of  the  pro- 
cess small  grey  nodules  are  visible  scattered  through  the 
cortex.  These  gradually  increase  in  size  and  become 
caseous.  The  gland  then  becomes  enlarged,  the  distinc- 
tion between  its  medullary  and  cortical  portions  becomes 
lost,  and  it  becomes  changed  to  a  greyish  homogeneous 
mass,  in  which  are  varying  sized  tracts  of  caseous  ma- 
terial. The  new  growth  very  frequently  undergoes  a 
marked  fibroid  development,  so  that  the  caseous  masses 
are  surrounded  by  a  dense  fibroid  structure.  The  caseous 
portions  of  the  gland  may  subsequently  soften,  dry  up, 
or  calcify. 

TUBERCULOSIS  OF  MUCOUS  MEMBRAKES. 

In  mucous  membranes  the  development  of  tuberculous 
nodules  is  usually  secondary  to  some  primary  inflamma- 
tory process  which  leads  to  ulceration  of  the  membrane. 
The  intestinal,  the  urino-genital,  and  the  respiratory 
mucous  membranes  may  all  be  the  seats  of  a  tuberculous 
growth. 

The  Intestine.— In  the  intestine  the  occurrence  of  true 
tuberculous  processes  appears  to  be  almost  invai-iably 
preceded  by  primary  inflammatory  changes  m  the  mtes- 
tinal  lymphatic  structures.  These  changes  have  their 
seat  in  the  solitary  and  Peyer's  glands,  and  as  m  typhoid 
fever,  it  is  especially  these  structures  m  the  lower  part 
of  the  small  intestine  and   in  the  ca3cum  which  are 

afiiected.  .  . 

The  first  stage  of  the  process  consists  m  an  inflamma- 
tory hyperplasia  of  the  lymphatic  elements.    In  Peyer's  ^ 
patches  this  hyperplasia  usually  afi:ects  isolated  fo  hcles . 
in  the  patch.    The  solitary  glands  and  certam  folhcles  m  > 
the  patches  thus  become  swollen,  and  project  with  undue, 
prominence  above  the  surface  of  the  membrane.  The 
newly  formed    elements  then    undergo  retrogressive 
chan'es-they  soften,  the  degeneration  in  the  patches 
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commencing  at  several  separate  centres,  and  often  ex- 
tending until  the  whole  patch  becomes  destroyed.  As 
the  result  of  these  primary  inflammatory  changes  an 
ulcerated  surface  is  produced,  the  floor  and  edges  of 
which  are  more  or  less  thickened,  owing  to  the  extension 
of  the  inflammatory  infiltration  into  the  submucous  con- 
nective-tissue. This  a  simple  ulcer,  and  its  production, 
so  far,  is  quite  independent  of  a  tuberculous  process. 

What  must  be  regarded  as  a  tuberculous  change  occurs 
subsequently  to  the  primary  ulceration,  and  it  consists  in 
the  development  of  small  nodules  of  new  growth  in  the 
floor  of  the  primary  ulcer.  The  development  of  these 
nodules  appears  to  take  place  principally  around  the 
blood-vessels,  and  as  these  are  arranged  transversely 
around  the  intestine,  the  new  growth  proceeds  in  the 
same  direction.    These  secondary  nodules  of  new  growth, 

Pig.  71. 

wiiiBsi»i^p«  Si 

A  Tubercular  Ulcer  of  the  Intestine.  (Diagrammatic.) 
a.  Epithelial  lining.    6.  Snbmucoiis  tissue, 
c.  Muscular  coat.       d.  Peritoneum. 

like  the  primary  inflammatory  product,  soften  and  be- 
come caseous,  and  thus  the  process  of  ulceration  gradu- 
ally extends  transversely  until  the  whole  circumference 
of  the  gut  may  be  destroyed.  The  ulcer  thus  produced 
presents  a  strong  contrast  to  that  of  typhoid.  Its  edges 
and  base  are  thickened  and  indurated,  and  the  tuber- 
culous nodules,  tending  to  become  caseous,  are  seen  scat- 
tered in  its  floor.    (Fig.  71.) 

The  tubercular  ulcer  rarely,  if  ever,  heals.  Owing  to 
the  thickening  of  the  tissues  at  its  base,  perforation  is 
quite  an  exceptional  occurrence.  In  the  process  of  its 
extension  the  ulceration  is  attended  by  some  contraction 
and  narrowing  of  the  gut. 
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TUBERCULOSIS  OF  THE  LUNGS. 


Tuberculous  processes  occur  in  the  lungs  as  a  part  of 
a  general  tuberculosis,  and  also  in  many  cases  of  pul- 
monary phthisis.  The  nature  of  the  resulting  inflam- 
matory lesions  is  similar  in  both.  It  will  be  well,  how- 
ever, in  the  present  place,  more  particularly  to  describe 
these  lesions  as  they  occur  in  the  general  infective  dis- 
ease. The  more  limited  processes  which  take  place  in 
many  cases  of  phthisis  will  be  again  referred  to  in  a 
subsequent  chapter  devoted  to  the  consideration  of  this 
affection.    (See  "  Pulmonary  Phthisis.") 

The  pulmonary  lesions  met  with  in  general  tuberculosis 
consist,  for   the  most   part,  of  disseminated  nodular 
,  growths,  which  are  universally  known  as  miliary  tuber- 
'^cles.    These  growths  are  of  two  kinds— the  grey  aud 
the  yellow.    The  grey  are  semi-transparent  nodules  of  a 
greyish-white  colour,  varying  in  size  from  a  small  pin's  . 
head  to  a  hemp-seed.    They  are  somewhat  spherical  in 
shape,  and  usually  possess  a  well-defined  outline.  Some- 
times they  are  firm,  and  almost  cartilaginous  in  consis- 
tence; whilst  in  other  cases  they  are  much  softer  and 
almost  gelatinous    These  softer  forms,  instead  of  being  ; 
semi-transparent,  are  more  opaque  and  white.  The  yellow  • 
are,  for  the  most  part,  larger  than  the  preceding,  many  off 
them  much  so,  some  being  as  large  as  a  pea.    They  are ; 
also  softer  in  consistence,  less  defined  and  regular  m  out-  • 
line,  and  they  pass  more  insensibly  into  the  surroundmg: 
tissue.    Many  of  them  possess  a  greyish-white  translu- 
cent margin,  which  may  be  pretty  firm  in  consistence, 
hut  never  so  hard  as  are  many  of  the  grey  nodules, 
whilst  their  central  portions  are  opaque,  yeUomsh,  orr 

''^Both  the  grey  aud  the  yellow  nodules  are  often  found  1 
associated  in  the  same  lung;  in  other  cases  the  grey.' 
nodules  only  are  met  with  ;  whilst,  less  frequently,  nearly; 
all  the  growths  are  of  the  yellow  variety.   The  conditiona 
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of  the  pulmonary  tissue  wlilch  is  situated  between  the 
nodules  varies  considerably.  It  may  be  perfectly  normal, 
more  or  less  congested  and  oedematous,  or  it  may  present 
varying  sized  tracts  of  greyish,  granular,  friable  consoli- 
dation. A  perfectly  normal  condition  of  the  intervening 
pulmonary  tissue  is  found  in  many  of  those  cases,  in 
which  all  the  growths  are  of  the  firm,  grey  variety  ;  but 
when  there  are  numerous  yeUow  or  soft  grey  nodules, 
the  lungs  are  nearly  always  more  or  less  congested  or 
consolidated. 

When  these  nodules  are  examined  microscopically  they 
are  seen  to  exhibit  two  different  kinds  of  structure — viz., 
the  adenoid  structure  with  branched  multinucleated  cells, 
which  has  bee  a  already  described  as  that  which  is  the 
most  characteristic  of  tuberculous  lesions,  and  accumu- 
lations of  epithelial  cells  within  the  pulmonary  alveoli 
(catarrhal  pneumonia).  There  is,  however,  this  marked 
difference  between  the  various  kinds  of  nodules — that 
whereas  the  smaller  firm  grey  ones  are  constituted 
almost  entirely  of  the  first-named  structure,  the  larger 
soft  grey,  and  most  of  the  yeUow  ones,  consist  largely  of 
the  iutra-alveolar  accumulations. 

Firstly,  with  regard  to  the  soft  grey  and  yellow  nodules. 
Most  of  these  when  examined  with  a  low  magnifying 
power  present  the  appearance  represented  in  Fig.  72,  the 
nodules  evidently  consisting  largely  of  accumulations 
within  the  alveolar  cavities.  When  more  highly  magni- 
fied their  constitution  becomes  more  apparent.  It  is 
then  seen  that  the  alveolar  cavities  are  filled  with  epithe- 
lial elements  and  small  cells  resembling  leucocytes,  whilst 
the  alveolar  walls  are  more  or  less  extensively  infiltrated 
and  thickened  with  lymphoid  cells.  (Fig.  73.)  In  many 
cases  the  central  portions  of  the  nodules  will  be  seen  to 
have  undergone  extensive  degenerative  changes,  and  to 
consist  merely  of  a  structureless  granular  debris,  so  that 
the  accumulations  within  the  alveoli  and  the  cellular 
infiltration  of  the  alveolar  walls  are  only  visible  at  their 
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Fig.  72. 


A  small  soft  Grey  Tubercle  from  the  Lung  in  a  case  of  Acute 
Tuherculosis.  The  whole  of  the  tubercle  is  shown  in  the 
drawing,  and  it  is  obviously  constituted  largely  of  intra- 
alveolar  iDroducts.    x  100,  reduced  to  J. 


Fig.  73. 


A  portion  of  a  small  soft  Ch-ey  Tubercle  from  the  Luvg.  This 
is  from  a  case  of  acute  tuberculosis,  probably  in  an  earlier 
stage  than  that  from  which  Tig.  72  was  divawn.  The  figure 
shows  one  of  the  alveoli  filled  with  epithelial  elements  and 
a  few  small  cells,  with  some  cellular  infiltration  of  the 
alveolar  wall.    >■  200. 
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periphery.  This  is  always  the  case  in  the  distinctly 
yellow  tubercles.    (Fig.  74.) 

Fig.  74. 


e 


A  portion  of  a  Yellorv  Tubercle  from  the  Lung  in  a 
case  of  Acute  Tuberculosis.  Showing  the  degeneration 
of  the  central  portions  of  the  nodule  c,  and  the  cellular 
thickening  of  the  alveolar  walls  and  accumiUations 
within  the  alveolar  cavities  at  the  periphery  p.  x  100. 

The  histological  characters  of  the  firmer  grey  nodules 
differ  somewhat  from  the  preceding.  In  these  the  cellu- 
lar infiltration  and  thickening  of  the  alveolar  wall  is 
much  more  marked,  and  many  of  the  alveolar  cavities 
are  occupied  by  giant  cells,  these  probably  originating,  as 
described  by  Dr.  Klein,  from  the  alveolar  epithelium.* 


*  These  large  multinucleated  cells  are  stated  by  Dr.  Klein 
(loc.  cit.)  to  originate  either  by  the  fusion  of  the  alveolar  epithe- 
lium, or  by  the  excessive  development  of  one  epithelial  cell.  Siuco 
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(Fig.  75.)  In  other  cases,  tlie  alveolar  structure  has  com- 
pletely disappeared,  and  the  tubercle,  when  examined 
with  a  low  magnifying  power,  appears  as  a  little  somewhat 
spheroidal  mass,  the  cellular  elements  of  which  are  seen 


Fig.  75. 


A  portion  of  the  more  external  part  of  a  Grey  Tubercle 
from  the  Lung  in  a  case  of  Acute  Tuberculosis.  Showing 
the  exteDsive  infiltration  and  thickening  of  the  alveolar 
walls,  and  the  giant  cells  within  the  alveolar  cavities. 
X  100. 

to  be  gi'ouped  around  separate  centres.  (Fig.  76.)  When 
more  highly  magnified  these  centres  are  seen  to  corre- 
spond with  the  large  multinucleated  branched  cells  already 
described,  and  the  small-celled  structure  grouped  around 
them,  as  is  well  shown  in  Fig.  66.  This  is  a  fully  deve- 
loped tubercle  of  the  lung.  The  smaU-celled  structure  at 
the  peripheral  portions  of  the  nodules  extends  into  and 
produces  a  thickening  of  the  walls  of  the  alveoli  with 
which  the  nodule  is  incorporated.  (Fig.  77.)  In  the  tuber- 
cles thus  constituted,  extensive  retrogressive  changes 
rarely  occur.  Degeneration  is  slow  and  very  incomplete, 
and  the  nodule  often  becomes  imperfectly  fibroid. 

Respecting  the  cause  of  these  differences  in  the  histolo- 


the  publication  of  Dr.  Klein's  statement  I  have  frequently  observed 
these  cells  situated  distinctly  in  the  alveolar  cavities,  and  I  have 
little  doubt  they  originate  in  the  way  he  describes. 
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gical  cTiaraoters  of  the  miliary  lesions  in  the  kings— I 
believe  them  to  depend  upon  differences  in  the  age  of  the 
nodules,  and  in  the  intensity  of  the  tuberculous  process  * 


Fig.  76. 


A  firm  Grey  Tubercle  from  the  Ltmg  in  a  case  of  Acute 
Tuberculosis.  Showing  the  grouping  of  the  elements 
around  separate  centres,  the  uodule  consisting  of  several 
giant-cell  systems,    x  33. 


If  the  intensity  of  the  process  be  considerable,  the  nodules 
will  consist  in  the  main  of  accumulations  of  epithelium 
within  the  pulmonary  alveoli,  and  the  nodule  will  rapidly 
undergo  disintegration.  (See  Fig.  74.)  If  the  process  be 
less  intense,  and  the  nodules  attain  a  more  advanced  age, 
degeneration  will  be  less  rapid  and  complete,  the  cellular  in- 
filtration and  thickening  of  the  alveol  ar  walls  will  be  greater. 


*  Intensity  comprises  two  factors — severity  of  injury  and  sus- 
ceptibility of  injured  tissue.  In  scrofula,  for  example,  the  suscep- 
tibility of  the  tissue  is  great,  and  the  intensity  of  tuberculous 
processes  is  often  considerable. 
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and  the  epithelial  elements  may  form  large  multinucleated 
cells.  (See  Fig.  75.)  Lastly,  in  the  least  severe  and  most 
chronic  processes,  the  development  of  multinucleated 
elements  and  the  formation  of  the  network  of  branched 
cells  reaches  its  maximum  (see  Figs.  66  and  76),  degene- 

FiG.  77. 


A  small  jMrtion  of  the  viost  external  part  of  a  firm  Grey 
Tubercle  from  the  Lung  in  a  case  of  Acute  Tiiberculosis. 
Showing  the  incorporation  of  the  nodule  with  the  alveolar 
wall  a.    X  270. 


ration  takes  place  slowly  in  the  central  portions  of  the 
nodule,  and  there  is  often  considerable  fibroid  induration 
of  the  new  tissue.  There  is  thus  a  close  analogy  between 
the  tissue-changes  resulting  from  tuberculosis  of  the  lungs 
and  those  which  result  from  other  inflammatory  processes. 
(See  "  Chronic  Inflammations.")  The  degeneration  of  the 
lesions  is  mainly  owing  to  the  interference  with  their  vas- 
cular supply,  caused  by  the  j^ressure  exercised  ujdou  the 
blood-vessels  by  the  intra-alveolar  accumulations,  and  the 
obliteration  of  the  vessels  by  the  cellular  infiltration  of 
the  alveolar  walls. 


CHAPTER  XXVIII. 


PYEMIA  AND  SEPTICEMIA. 

The  diseases  known  as  Pyfemia  and  Septicajmia  result 
from  tlie  absorption  and  dissemination  of  certain  infective 
substances,  derived  usually  from  the  products  of  some 
acute  inflammation.  In  tbese  diseases,  therefore,  as  m 
acute  tuberculosis,  we  have  a  focus  from  wbicli  the  in- 
fective substances  are  derived,  the  general  dissemination 
of  these  substances,  and  the  secondary  processes  to  which 
they  give  rise. 

Pytemia  and  Septicfemia  are  very  closely  allied,  and 
very  frequently  associated.  They  both  owe  their  origin 
to  the  development  and  absorption  of  the  same  infective 
material,  but  the  latter  is  a  somewhat  more  simple  pro- 
cess, and  it  will  therefore  be  considered  first. 

SEPTICiEMIA. 

By  SepticEemia  is  understood  the  eSects  which  are 
produced  by  the  presence  of  putrid  matter  in  the  cir- 
culating blood. 

When  a  person  receives  an  external  injury  sufiicient  to 
cause  an  inflammatory  process  of  considerable  extent  and 
intensity  in  the  part  injured,  this  process  is  usually  fol- 
lowed by  a  general  disorder  of  the  vital  functions,  the 
most  prominent  symptom  of  which  is  pyrexia.  This 
pyrexial  state,  which  so  commonly  occurs  after  surgical 
operations  and  other  extensive  local  injuries,  is  what  is 
usually  known  as  traumatic  or  surgical  fever.  Eespecting 
the  cause  of  this  fever — it  is  mainly  due  to  the  absorption 
of  some  of  the  products  of  the  local  inflammatory  process. 
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In  other  words,  it  results  from  the  dissemination  of  certain 
infective  materials  from  a  focus  of  acute  inflammation. 
This  being  the  case,  whatever  interferes  with  the  removal 
of  the  inflammatory  products  from  an  injured  part,  and 
thus  favours  their  absorption,  tends  to  induce  or  to  in- 
tensify this  febrile  state.  This  is  exemplified  by  the  well- 
known  effects  which  are  produced  by  pent-up  pus,  which 
effects  subside  after  its  evacuation. 

Closely  allied  to  this  traumatic  or  surgical  fever  is  the 
condition  known  as  sepUconmia.  Here,  also,  there  is  an 
absorj^tion  of  cei'tain  infective  substances  from  some  local 
lesion,  but  the  general  disturbance  of  the  vital  functions 
to  which  they  give  rise  is  much  more  considerable. 
Septicaemia  appears  therefore  to  differ  from  simple  trau- 
matic fever  mainly  in  this — that  in  it  the  infective  pro- 
cess is  one  of  much  greater  intensity.  No  sharp  line  of 
demarcation,  however,  can  be  drawn  between  the  two. 

The  clinical  phenomena  of  septiceemia,  as  observed  in 
man,  are  chai-acterised  not  only  by  pyrexia,  but  also  by 
vomiting,  diarrhcsa,  muscular  enfeeblement,  affecting 
particularly  the  heart  and  respiratory  muscles,  and  ulti- 
mately a  condition  of  coUajase  which  tends  to  terminate 
in  death.  After  death  the  blood  is  found  to  be  darker 
and  less  firmly  coagulated  than  usual.  Extreme  con- 
gestions and  ecchymoses  are  met  with  in  internal  organs, 
especially  in  the  heart,  lungs,  and  gastro-intestinal 
mucous  membrane.  The  spleen,  liver,  and  other  viscera 
are  enlarged,  friable,  and  abnormally  vascular ;  and  little 
patches  of  lymph  are  seen  on  the  pleura  and  pericardium. 
Metastatic  abscesses  and  all  other  secondary  inflammatory 
lesions  are  completely  absent.  Such  pure  uncomplicated 
cases  of  septiceemia  are,  however,  comparatively  infre- 
quent, the  septicaemia  being  usually  associated  Avith  the 
development  of  secondary  suppurative  inflammations — a 
pyaemia.  A  simple  septioEemia  is  perhaps  most  common 
in  the  puerperal  state  (Puerperal  Septiccemia). 

In  studying  the  pathology  of  septicasmia  we  must  con- 
sider— 1.  The  nature  of  the  infective  material — the  sejD- 
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ticEemic  poison,  and  the  conditions  under  whicli  it  is 
produced;  2.  The  circumstances  which  influence  its 
absorption  and  dissemination;  and  3.  The  changes  which 
it  produces  in  the  circulating  blood.  Our  knowledge  on 
aU  these  questions  has  been  derived  mainly  from  the  ex- 
perimental investigation  of  infective  processes  induced 
in  the  lower  animals  ;  and  amongst  those  who  have 
contributed  most  largely  to  this  knowledge  during  the 
past  few  years  are  Professors  Billroth,  Bergmann,  and 
in  our  own  country.  Dr.  Burdon  Sanderson.* 

1.  The  Septic  Poi'sow.— Firstly,  with  regard  to  the 
infective  material,  and  the  circumstances  under  which  it 
is  produced.  In  the  natural  disease  this  material  origi- 
nates in  connexion  with  some  local  inflammation,  or 
much  less  frequently  with  some  wound  in  which  no  in- 
flammation is  present— as  the  uterus  after  delivery.  It 
is  in  the  albuminous  liquids  of  such  local  lesions  that 
the  septic  poison  is  produced,  and  its  production  appears 
to  be  invariably  associated  with  the  putrid  decomposition 
of  the  liquid.  In  the  disease  artificially  induced  in  the 
lower  animals  the  poison  is  introduced  from  without,  and 
consists  of  some  putrid  liquid,  such  as  a  putrid  infusion 
of  muscle. 

It  is  well  known  that  the  putrid  decomposition  of 


Fig.  78. 


3  « 


F/etid  Pus  from  an  Empymma.  fhowiug  common 
active  bacteria  amongst  the  pus-corpuscles,    x  600. 


*  "Lectures  on  the  Infective  Processes  of  Disease,"  by  Dr. 
Burdon  Sanderson,  delivered  at  the  University  of  London.— /iri«. 
Med.  Journ.  Dec.  1877  and  Jan.  1878. 
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albuminous  liquids  is  always  associated  witli  the  presence 
in  them  of  bacteria,  or  their  germs.  (Fig.  78.)  In  a  series  • 
of  experiments  made  in  the  laboratory  of  the  Brown 
Institution  in  1872,  with  the  object  of  determining  the 
nature  of  the  septic  poison,  Dr.  Sanderson  found  that 
these,  or  similar  organisms,  abounded  in  all  liquids  which 
were  capable,  when  introduced  into  the  circulation  of  an 
animal,  of  producing  septicemia  ;*  and  from  the  results 
of  these  and  other  more  recent  experiments.  Dr.  San- 
derson concludes  that  the  agency  of  bacteria  is  essential 
for  the  prod^iction  of  the  septic  iJoison. 

But  although  the  production  of  the  poison  appears  to 
be  invariably  associated  with  the  presence  of  bacteria,  it 
is  something  quite  distinct  from  the  process  of  simple 
putrefactive  decomposition.  That  this  is  so  has  been 
proved  by  Bergmann,  who  has  shown  that  the  poison  can 
be  produced  by  the  action  of  bacteria  on  non-albuminous 
liquids ;  and  also  that  if  bacteria  be  grown  in  such  non- 
albuminous  liquids,  the  first  crop,  which  are  rod-shaped, 
active  organisms  (bacteria  proper)  are  inert ;  but  as  the 
process  of  cultivation  proceeds,  spheroidal  and  less  active 
organisms  are  produced  (micrococci),  and  the  liquid 
becomes  intensely  virulent.  From  these  facts  Dr.  San- 
derson infers  that  the  poison  is  not  a  product  of  the 
septic  disintegration  of  protein  substances,  but  something 
much  more  intimately  associated  with  the  existence  and 
growth  of  the  organisms  themselves. 

The  pi'oduction  of  the  poison  being  thus  dependent 
upon  the  agency  of  bacteria,  the  question  arises  whether 
its  effects  are  due  to  the  direct  action  of  the  organisms 
themselves.  In  answer  to  this  question,  the  results  of 
Dr.  Ander's  experiments  appear  to  be  conclusive.  This 
observer  has  shown  that  the  complete  destruction  of  the 
organisms  in  a  liquid  which  has  been  proved  to  be  septic 
in  no  way  impairs  the  virulence  of  its  action  .f 

*  "Trans.  Path.  Soc.  Loud.,"  vol.  xxiii.  LS72. 
t  Ander's,  "Giftige  Wirlcimg  vou  diu'ch  Bakterien  betriibte 
Naliriiiissigkeit." — Deutsche  Zeitschrif'tjur  Ckirurgk,  vol.  vii. 
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From  these  investigations  we  must  therefore  conclude 
that  the  septic  poison  is  a  product  of  the  growth  of 
bacteria;  but,  says  Dr.  Sanderson,  haderia  are  mcapahle 
of  producing  the  poison  in  the  healthy  organism.  The 
condition  which  appears  to  be  necessary  for  the  develop- 
ment of  the  poison,  is  some  abnormal  state  of  the  living 
tissues,  such  as  is  produced  by  injury.  It  is  m  the  pro- 
ducts of  such  injured  tissues  that  the  development  of 
the  bacteria  and  the  production  of  the  poison  can  take 
place,  and  it  is  consequently  in  some  inflammatory  lesion 
that  septic  processes  most  frequently  originate. 

Inasmuch  as  the  agency  of  bacteria  is  essential  for 
the  production  of  the  septic  poison,  it  will  be  readily 
understood  why,  in  the  majority  of  cases,  septica3mia 
originates  from  lesions  which  are  in  direct  communication 
with  the  external  air,  and  also  why  the  development  of 
septic  processes  is  favoured  by  the  crowding  together  of 
persons  with  open  wounds ;  for,  as  pointed  out  by  Mr. 
Savory,  the  decomposition  of  an  animal  fluid  is  hastened 
by  the  introduction  into  it  of  any  other  animal  matter 
which  is  also  undergoing  active  putrefactive  change.* 

2.  The  absorption  of  the  Poison. — Having  discussed  the 
nature  of  the  poison,  and  the  circumstances  under  which 
it  originates,  it  remains  to  consider  how  it  becomes 
absorbed  and  is  disseminated.  Putrid  liquids  in  contact 
with  injured  tissues — liquids  capable  of  producing  the 
most  intense  septic  processes  if  artificially  inoculated— 
do  not  always  become  absorbed.  The  causes  which  in 
some  cases  favour  their  absorption,  and  in  others  prevent 
it,  must  be  looked  for,  according  to  Mr.  Savory  {loc.  cit.), 
in  the  condition  of  the  tissues  with  which  they  are  in 
contact.  A  fresh  wound  is  a  very  readily  absorbing 
surface,  but  Billroth  and  others  have  shown,  expe- 
rimentally, that  healthy  granulations  offer  a  decided 
obstacle  to  the  absorption  of  fluids  from  their  surface. 


*  "Discussion  on  Pyfemia  at  Clinical  Society,"  Mr.  Savory. — 
Tram.  Clin.  Soc.  Lond.,  vol.  vii.  p.  Ixxvi. 
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When,  however,  the  granulations  become  partially  de- 
stroyed, or  are  in  an  unhealthy  condition,  fluids  readily 
permeate  them.  It  must,  then,  be  considered  as  exceed- 
ingly probable  that  the  absorption  of  the  poison  is  in- 
timately connected  with  some  abnormal  condition,  due  to 
injury  or  disease,  of  the  tissues  with  which  it  is  in  contact. 
The  poison,  when  absorbed,  is  disseminated  by  means  of 
the  veins  and  lymphatics. 

3.  Changes  froduced  hy  the  poison  in  the  Blood. — 
Respecting  the  changes  produced  by  the  septic  poison  in 
the  circulating  blood,  and  in  the  organism  generally — 
the  results  of  the  experimental  production  of  septicemia 
show  that  these  are  in  direct  proportion  to  the  quantity 
of  the  poison  that  is  introduced.  The  poison  does  not 
multiply  in  the  body;  and  in  this  respect,  therefore, 
as  will  be  seen  presently,  simple  septicaemia  apjjears  to 
differ  from  the  closely  allied  pyaemia. 

The  only  other  fact  of  importance  in  connexion  with 
this  ]3art  of  the  subject  relates  to  the  marked  tendency  to 
congestive  hyperasmia  and  blood -stasis  which  charac- 
terises both  the  natural  and  the  artificially  induced 
disease.  The  investigations  of  Professor  A.  Schmidt  and 
Dr.  Kohler  appear  to  prove  that  these  circulatory  phe- 
nomena are  due  to  the  destructive  action  of  the  poison 
on  the  white  blood-corpuscles.  Professor  A.  Schmidt  has 
shown  that  the  phenomenon  of  blood-coagulation  is  due 
to  the  white  cells  of  the  blood,  that  these  cells  contain  a 
ferment,  and  that  upon  the  destruction  of  some  of  them, 
and  the  consequent  liberation  of  the  ferment,  the  process 
of  coagulation  depends.  Prom  the  experiments  of  Dr, 
Kohler*  it  would  appear  that  in  septicEemia  there  is  a 
destruction  of  the  white  blood-corpuscles,  and  that  to 
this  destruction,  and  the  consequent  tendency  to  coagu- 
lation, the  congestive  phenomena  which  characterise  the 


*  "  Ueber  Thrombose  und  Transfusion,  Eitor  uud  septisclio 
Infection  nnd  deren  l^eziebung  zum  Fibriufermeut,"  by  Dr.  Armin 
Koliler.    Dorpat,  1877. 
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disease  are  owing.  Tlie  other  phenomena  of  septicaemia 
— the  fever  and  collapse,  however,  are  not  thus  accounted 
for.  These  may  possibly  be  due  to  the  action  of  the 
poison  on  the  nerve-centres. 

Pyemia. 

Pyasmia,  as  already  stated,  is  the  result  of  the  develop- 
ment and  absorption  of  the  same  poison  as  that  which 
gives  rise  to  septicEemia.  The  two  conditions  are  thus 
closely  allied,  and  they  are  very  often  associated.  The 
former,  however,  is  much  the  more  frequent. 

Pyeemia  differs  from  septicEemia  in  this  respect — ^that 
in  it  the  absorption  and  dissemination  of  the  infective 
poison  gives  rise  not  only  to  an  alteration  in  the  blood 
and  a  general  disturbance  of  the  vital  functions,  but  also 
to  the  production  of  secondary  foci  of  inflammation — 
the  so-called  metastatic  abscesses.  It  is  the  production 
of  these  abscesses,  and  of  other  more  diffused  inflamma- 
tory lesions  which  is  the  distinctive  character  of  pysemia. 
It  is  thus  probable  that  pyaemia  is  invariably  associated 
with  more  or  less  septicemia,  and  it  may  be  regarded  as 
a  septicaemia  in  which  there  are  metastatic  suppurative 
inflammations. 

Pyaemia  being  thus  the  result  of  the  absorption  of  the 
same  septic  poison  as  that  which  gives  rise  to  septicEemia, 
all  that  has  been  said  respecting  the  origin  and  nature  of 
this  poison,  and  the  circumstances  which  influence  its 
absorption  and  dissemination  from  the  focus  of  infec- 
tion, applies  equally  to  both  diseases.  "What  remains  for 
consideration  are  the  differences  in  the  effects  which  are 
produced.  It  will  be  well,  in  the  first  place,  however,  to 
describe  briefly  the  pyaemic  lesions. 

The  lesions  which  are  the  most  characteristic  of  pytemia 
are  the  so-called  metastatic  abscesses.  These  present 
certain  peculiarities.  In  their  earlier  stages  they  usually 
consist  of  somewhat  reddish,  friable,  granular-lookino- 
masses  of  consolidation,  which  are  surrounded  by  a  thin 
zone  of  red  hyperasmic  tissue.  These  masses  are  frequently 
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wedge-shaped,  the  apex  of  the  cone  being  towards  the 
centre  of  the  organ.  They  vary  considerably  in  size,  some 
not  being  larger  than  a  small  pea,  whilst  others  exceed 
the  size  of  a  chestnut.  The  consolidated  mass  soon 
assumes  the  characters  of  an  abscess.  Its  more  central 
portions  become  softened  and  purulent,  and  ultimately  it 
tends  to  become  converted  into  a  collection  of  pus  and 
broken-down  tissue,  this  being  still  surrounded  by  a  thin 
red  zone  of  induration.  These  metastatic  abscesses  are 
met  with  most  frequently  in  the  lungs ;  but  they  also 
occur  in  the  liver,  spleen,  kidneys,  and  in  other  internal 
organs.  They  are  more  commonly  found  near  the  surface 
than  in  the  more  internal  portions  of  the  organ,  often 
being  situated  immediately  beneath  the  fibrous  capsule. 

In  addition  to  these  abscesses,  more  diffused  inflamma- 
tory lesions  are  met  with  in  pytemia.  These  consist  chiefly 
of  suppurative  arthritis,  and  of  inflammations  of  the  sub- 
cutaneous cellular  tissue  and  serous  membranes,  espe- 
cially of  the  pleura  and  pericardium. 

With  regard  to  the  pathology  of  these  metastatic 
abscesses,  and  other  secondary  inflammations— they  are, 
for  the  most  part,  of  emlolic  origin,  the  emboU  origmat- 
ing  in  the  thrombi  which  form  at  the  seat  of  the  prunary 
lesion.  The  circumstances  under  which  thrombi  formed 
in  the  vessels  of  a  part  become  softened  or  broken-up, 
so  as  to  furnish  embolic  plugs,  and  the  way  in  which 
these  plugs  may  set  up  acute  inflammatory  processes 
at  the  seat  of  their  arrest,  will  be  fully  described  m 
the  chapters  on  "Thrombosis"  and  "Bmbohsm."*  It 
will  be  sufficient  in  the  present  place  to  state  that  m  the 
course  of  a  pyajmic  process  the  coagula  which  form  m  the 
vessels  at  the  seat  of  the  pyaamic  mflammations  become 
infected  with  the  pyemic  poison,  and  if  they  soften  or 
become  broken-up  so  as  to  furnish  embolic  plugs,  these 
plugs  cause  secondary  suppurative  processes  in  the  parts 

*  The  student  will  do  well  to  read  the  chapters  on  "Throm- 
bosis" and  "Embolism"  as  a  sequel  to  the  present  chapter. 
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in  whicli  tliey  become  arrested ;  and  it  is  to  tlie  dissemi- 
nation of  these  infective  emboli  that  the  formation  of 
the  majority  of  the  metastatic  abscesses  in  pyasmia  is 
owing. 

The  prominent  part  which  is  played  by  thrombosis  and 
embolism  in  the  pathology  of  these  infective  processes 
probably  accounts  for  the  fact,  that  these  processes  are, 
in  the  majority  of  cases,  associated  with  the  development 
of  metastatic  abscess  and  other  secondary  inflammations — 
in  other  words,  that  pyjemia  is  so  much  more  common 
than  pure  septicsemia.  The  blood-vessels  of  the  primary 
lesion  which  serves  as  the  starting-point  of  the  infective 
process — usually  a  local  inflammation — can  rarely  be  free 
from  coagula,  and  hence  not  only  is  the  absorption  of  the 
poison  often  delayed  (or  even  prevented),  but  when  it 
does  take  place,  it  is  usually  associated  with  the  dissemi- 
nation of  sohd  substances  derived  from  the  coagula  them- 
selves (emboli). 

The  occurrence  of  thrombosis  and  embolism  also  appears 
to  influence  the  intensity  of  the  infective  processes.  In 
simple  septicaemia  it  has  been  seen  that  the  changes  pro- 
duced are  in  direct  proportion  to  the  quantity  of  the 
poison  which  is  absorbed  from  the  primary  lesion.  In 
pyaemia,  however,  Dr.  Sanderson  says,  the  poison  -pro- 
hahlj  mtdtiplies  witUn  the  organism.  In  attempting  to 
explain  this,  the  experiments  on  the  cultivation  of^'the 
septic  poison  are  of  much  value.  These  experiments  prove 
not  only  that  the  poison  can  be  produced  by  cultivation, 
but  also  that  in  an  artificially  produced  septic  hquid  the 
virulence  of  the  liquid  increases  with  the  development  of 
the  bacteria.  A  similar  cultivation  of  the  poison  probably 
occurs  in  pytEmic  processes.  The  original  poison  pro- 
duced at  the  primary  lesion  increases  in  the  secondary 
and  tertiary  foci  of  inflammation,  and  not  only  increases, 
but  perhaps  becomes  more  virulent. 


s  2 


CHAPTEK  XXIX. 


SYPHILIS. 

The  lesions  occurring  in  the  course  of  constitutional 
sypliilis  are  for  the  most  part  inflammatory  m  their 
nature,  but  in  their  seat,  distribution,  and  hrstolog  ca 
characters,  many  of  them  present  certain  pecuhant^s 
which  malce  them  quite  characteristic  of  this  disease 
The  primary  syphilitic  lesion  (usually  the  indurated 
chancre)   the  secondary  lymphatic  gland  enlargement, 
";ubsequent  seriL  of  changes  in  the  s.in,  mucous 
membranes,  and  later-in  the  nervous  system  bone^  and 
iaternal  organs,  are  all  oE  them  the  results  of  chrome 
"es^amed  to  inflammation,  induced  by  the  syphi- 

^'^Sns,  however,  which  must  be  regarded  as 
especially  characteristic  of  syphihs,  are  of  three  kinds- 
certain  fibroid  indurations,  a  form  of  growth  which  is 
known  as  a  gu.n.na  or  syphilitic  tumour,  and  certain 
Sales  in  the  arteries.    These  forms  of  lesion  are  very 
freZntly  associated,  and  in  many  cases  it  is  difficult  to  . 
draw  any  line  of  demarcation  between  them. 
Tmroid  Ghanges.-r.hroi^  indurations  are  often 
ntd  with  the  gummata,  and  many  fibroid  lesions  • 
r Xfr^yte  rLL  of  whatwere  previously  gummy 

'Twd  changes  also  occur  very  frequently  in  the  ' 
of  TvDhilis  quite  independently  of  gummata.  . 
ctn  'ef   -ist  in  the  development  of  a  fibroid  ^ 
i^e  ptcisely  similar  to  that  --itli  as  the  of 
ordinary  chronic  inflammation,  (bee 


SYPHILIS. 


261 


Common  Connective  Tissue.")  The  new  tissue,  which 
originates  around  the  blood-vessels,  and  in  the  earlier 
stages  of  its  growth  is  more  or  less  richly  cellular,  pro- 
duces a  fibroid  thickening  of  the  affected  area.  These  fibroid 
thickenings  are  characterised  by  their  localisation  and  by 
the  irregularity  in  their  distribution.  They  occupy,  for 
the  most  part,  small  areas,  and  the  surrounding  tissues 
are  unaffected.  It  is  these  peculiarities  in  their  distribu- 
tion and  localisation,  and  not  their  histological  cha- 
racters, which  render  them  so  characteristic  of  syphilis. 

These  fibroid  changes  are  met  with  in  various  situa- 
tions—in the  periosteum,  in  the  sheaths  of  nerve-trunks, 
in  the  capsules  and  interstitial  tissue  of  organs,  and  in 
muscle.  "When  occurring  in  the  capsules  of  organs  they 
present  very  characteristic  appearances.  In  the  liver  and 
spleen,  where  they  are  the  most  frequent,  they  give  rise 
to  an  irregularly  distributed  thickening  and  puckering 
of  the  capsule,  which  is  exceedingly  typical  of  advanced 
syphilis.  The  thickened  portions  are  usually  connected 
with  dense  fibroid  septa  which  pass  into  the  interior  of 
the  organ;  and  there  are  frequently  also  numerous 
strong  peritoneal  adhesions.  The  gummy  masses,  about 
to  be  described,  are  very  often  to  be  found  in  the  midst 
of  the  fibroid  growth. 

2.  Gummata. — These  are  perhaps  more  characteristic 
of  syphilis  than  the  fibroid  lesions,  with  which,  as  already 
stated,  they  are  frequently  associated.    The  gummata,  as 
usually  met  with,  are  moderately  firm  yellowish-white 
nodules,  having  often,  on  section,  somewhat  the  appear- 
ance of  a  horse-chestnut.    They  vary  in  size  from  a 
hemp-seed  to  a  walnut,  and  are  surrounded  by  a  zone  of 
translucent  fibrous-looking  tissue,  which  sometimes  has 
the  appearance  of  a  capsule,  and  which  is  so  intimately 
associated  with  the  surrounding  structures  that  the 
"enucleation  of  the  mass  is  impossible.    In  the  earlier 
stages  of  their  development,  when  they  less  commonly 
come  under  observation,  they  are  much  softer  in  consis- 
tence, more  vascular,  and  of  a  reddish-white  colour ; 
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Fig.  79. 


b 


whilst  in  tlieir  most  advanced  stages,  o\ving  to  extensive 
retrogressive  changes,  they  may  be  distinctly  caseous. 

When  the  gummata  are  examined  microscopically  they 
are  found  to  consist  in  the  main  of  atrophied,  degene- 
rated, and  broken-down  cell-products,  imbedded  in  an  in- 
completely fibrillated  tissue.  There  are,  however,  some 
marked  structural  differences  between  the  central  and  ex- 
ternal portions  of  the  growth.    The  central  portions  are 

composed  almost  entirely  of 
closely  packed  granular  de- 
bris, fat  granules,  and  cho- 
lestrin,  amongst  which  may 
be  an  exceedingly  scanty 
fibrillated  tissue.  (Fig.  79,  a.) 
Surrounding  this  and  di- 
rectly continuous  with  it  is 
a  fibro-nucleated  structure; 
whilst  the  peripheral  por- 
tion of  the  growth  is  a  richly 
cellular  and  vascular  tissue. 
(Fig.  79,  &,  and  Fig.  80.)  This 
peripheral  cellular  tissue, 
which  is  in  direct  histological 
continuity  with  the  sur- 
rounding structures,  con- 
sists of  small  cells,  many  of 
which  resemble  white  blood-corpuscles,  whilst  others  are 
larger  and  nucleated  like  the  cells  of  granulation-tissue. 
These  cells  are  separated  by  a  scanty,  homogeaeous,  mter- 
cellular  material  and  numerous  new  blood-vessels. 

The  three  zones  above  described,  which  are  to  be  dis- 
tinguished more  or  less  clearly  in  most  of  the  fully 
developed  gummy  nodules,  correspond  with  three  difle- 
rent  stages  in  their  growth.  The  most  external  zone, 
consisting  of  the  vascular  granulation-tissue,  repre- 
sents  the  early  stage  of  development,  and  by  the 
continuous  formation  of  this  tissue  the  growth  may  con- 
tinuously increase.   The  intermediate  more  fibrous  zone 


Gumimj  Ch-owtli  from  Liver,  a. 
Central  portions  of  growth,  con- 
sisting of  granular  ddbris.  b.  Pe- 
ripheral granixlation  tissue,  r.  A 
blood-vessel,  x  100.  (Oornil 
and  Eanvier.) 
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represents  tlie  second  stage  in  the  process— tlie  deve- 
lopment of  tlie  granulation-tissue  into  a  more  or  less 

Fig.  80. 


The  Peripheral  Portion  of  a  Gummy  Growth  in  the 
Kidney.  Showing  the  small-celled  granulation  growth 
in  the  intertubular  tissue,    x  200. 

completely  fibrillated  structure.  The  characters  of  this 
fibrillated  tissue  vary  in  different  growths.  In  some  the 
fibrillation  is  very  distinct ;  in  others,  the  tissue  is  dense 

Fig.  81. 


From  a  Gumviy  Growth  in  the  Kidney.  Showing 
the  reticulated  structure  occasionally  met  with  in 
the  inteiinediate  zone  of  these  formations,  x  200. 

and  cicatricial  in  character;  whilst  less  frequently,  it 
consists  of  a  reticulated  structure  within  the  meshes  of 
which  are  grouped  round  small  cells.    (Fig.  81.)  The 
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central  zone,  consisting  of  the  amorphous  granular  ma- 
terial, represents  the  oldest  portion  of  the  growth— that 
which  has  undergone  retrogressive  changes.  The  blood- 
vessels, which  only  exist  in  the  zone  of  proliferation, 
appear  to  become  obliterated  in  the  process  of  develop- 
ment, and  this  accounts  for  the  rapid  degeneration  of  the 
central  portions  of  the  growth.  It  is  probable  that  this 
obliteration  of  the  blood-vessels  may  be  due  to  the 
changes  in  the  arteries  about  to  be  described.  When  the 
tumour  is  large,  it  may  sometimes  be  seen  to  be  made  up 
of  several  distinct  smaller  growths,  each  presenting  at 
its  circumference  the  more  perfect  ceUs,  whilst  its  central 
parts  are  granular  and  amorphous. 

It  would  thus  appear  that  the  first  stage  in  the  process 
of  formation  of  these  gummy  growths  consists  in  the  pro- 
duction of  a  highly  organised  and  vascular  granulation- 
tissue.  This  new  tissue,  although  it  may  develop  into  an 
incompletely  fibrillated  structure,  soon  undergoes  de- 
generation. The  degenerated  elements  become  closely 
packed  in  the  centre  of  the  growth,  whilst  proliferation 
and  incomplete  fibrillation  continue  at  the  circumference. 
The  central  portions  of  the  growth  occasionally  become 
calcified,  but  more  commonly  they  gradually  become 
absorbed,  and  a  mere  puckered  fibrous  cicatrix  may  thus 
ultimately  occupy  the  seat  of  the  original  tumour.  _  This 
is  one  of  the  ways  in  which  the  fibroid  lesions  originate. 

The  gummata  are  the  new  formations  most  charact'j- 
ristic  of  syphilis.  They  are  met  with  in  the  skin  end 
subcutaneous  cellular  tissue,  in  the  submucous  tissue,  m 
muscle,  fasciaj,  bone,  and  in  the  connective  tissue  of 
organs— especially  of  the  hver,  brain,  testicle,  and  kidney. 
They  also  occur,  but  much  less  frequently,  in  the  lungs  ; 
as  do  also  simple  localised  fibroid  indurations.  Wlien 
situated  in  the  submucous  tissue,  the  mucous  membrane 
usually  becomes  destroyed,  and  a  deep  ulcer  forms.  This 
is  seen  in  the  pharynx,  soft  palate,  tougue,  larynx,  and  m 
other  parts.  These  true  gummy  ulcerations  must  be 
distinguished  from  the  superficial  ulcerations  resulting 
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from  inflammatory  processes  in  tlie  lymphatic  structures, 
•which  also  occur  in  syphilis. 

3.  Changes  in  Arteries— Certain  changes  in  the  cere- 
bral arteries  have  been  recently  described  by  Heubner  as 
characteristic  of  syphihs.  These  changes  have  been 
brought  prominently 'before  English  pathologists  by 
Drs.  Greenfield,  Barlow,  and  others  ;*  and  the  investiga- 
tions of  the  first-named  of  these  observers  would  tend  to 


Fig.  82. 

A  B 


Syphilitic  Disease  of  Cerebral  Arteries. 

A.  Segment  of  middle  cerebral  artery,  transverse  section— 

i,  thickened  inner  coat;  e,  endothelium  ;  /,_membra,na 
fenestrata ;  m,  muscular  coat ;  a,  adventitia.    x  20U,, 

reduced  i.  .       cn,  ■ 

B.  Small  artery  of  Pia  Mater,  transverse  section,  bhowmg 

thickened  inner  coat,  diminished  himen  of  vessel,  and 
considerable  infiltration  of  adventitia.  The  cavity  of 
the  vessel  is  occupied  by  a  clot  (?  thrombus),  x  100, 
reduced  ^. 


*  "Trans.  Path.  Soc.  Lend,,"  vol.  %x.yui.— Visceral  Syphilis. 
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render  it  probable  tbat  similar  cbanges  occur  in  tbe 
arteries  in  other  situations. 

In  tbe  cerebral  arteries  tbe  changes  produce  opacity 
and  marked  thickening  of  the  vessel,  with  considerable 
diminution  in  its  calibre.  It  is  this  diminution  of  the 
lumen  of  the  vessel  which  is  especially  characteristic. 

When  transverse  sections  of  the  vessels  are  examined 
microscopically,  the  principal  change  is  seen  to  be  situated 
in  the  inner  coat.  It  is  well  shown  in  the  accompanying 
drawings  made  from  specimens  kindly  lent  to  me  by  Dr. 
Barlow.  (Fig.  82.)  This  coat  is  considerably  thickened 
by  a  cellular  growth.  The  growth,  which  is  limited 
internally  by  the  endothelium  of  the  vessel  (Fig.  82a.  e), 
and  externally  by  the  membrana  fenestrata  (Fig.  82a./), 
closely  resembles  ordinary  granulation-tissue,  consisting 
of  numerous  small  round  and  spindle-shaped  cells.  This 
tissue  appears  gradually  to  undergo  partial  development 
into  an  imperfectly  fibrillated  structure. 

In  addition  to  this  change  in  the  intima,  the  outer  coat 
is  abnormally  vascular  and  infiltrated  with  smaU  cells 
(Fig.  82a.  a),  and  this  cellular  infiltration  usually  also 
invades  the  muscular  layer  (Fig.  82a.  m). 

The  result  of  these  changes  in  the  inner  coat  is  to 
diminish  very  considerably  the  lumen  of  the  vessel  (Fig. 
82b.)  ;  and  the  consequent  interference  with  the  circula- 
tion frequently  leads  to  coagulation  of  the  blood  (throm- 
bosis) and  cerebral  softening. 

Dr.  Greenfield's  observations,  as  already  stated,  tend  to 
show  that  similar  arterial  changes  occur  in  other  parts, 
and  that  they  account  for  the  degeneration  of  syphilitic 
gummata. 

SYPHILITIC  DISEASE  OE  THE  LIVER. 

The  Hver  is  one  of  the  most  frequent  seats  of  syphiHtic 
lesions.  The  most  common  change  is  the  development  of 
fibroid  and  gummy  growths  in  the  substance  of  the  organ. 
These  growths  are  strictly  localised,  the  surrounding  liver- 
tissue  being  healthy.    The  growths— which  are  usually 
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connected  with  fibroid  tliickenings  of  the  capsule- 
sometimes  consist  simply  of  a  dense  fibroid  structure. 
More  commonly,  however,  gummy  masses  are  found  im- 
bedded in  the  fibroid  growth.  In  the  former  case  it  is 
possible  that  the  gummy  mass  may  have  become  absorbed, 
leaving  merely  its  fibroid  cicatrix. 

The  development  of  these  growths  produces  very 
marked  alterations  in  the  form  of  the  liver.  Scar-like 
depressions  are  seen  on  its  surface,  and  the  organ  is 
irregularly,  and  often  very  deeply  puckered. 

A  more  general  fibroid  change,  not  associated  with  the 
formation  of  gummy  masses,  is  occasionally  met  with  m 
the  liver  in  inherited  syphilis.  This  change  closely 
resembles  ordinary  cirrhosis,  although  the  intercellular 
network  of  the  Hver  is  usually  more  extensively  involved. 

Lastly,  it  must  be  mentioned  that  the  liver  in  syphilis 
is  frequently  amyloid. 


It  is  unnecessary  to  describe  particularly  syphilitic 
lesions  in  other  organs,  as  they  all  present  the^  same 
general  characters— viz.  strictly  localised  fibroid,  or 
fibroid  and  gummy  growths. 


CHAPTER  XXX. 


INFLAMMATION  OF  NON-VASGULAE  TISSUES. 

INrLAMMATION  OF  CAHTILAGE. 

The  phenomena  of  acute  inflammation  in  cartilage, 
althougli  comparatively  rare  in  man,  have  been  studied  by 
the  artificial  production  of  inflammation  in  the  articular 
cartilages  of  the  lower  animals.  They  consist  in  changes 
in  the  cartilage  itself,  and  in  the  vessels  of  the  adjacent 
synovial  membrane  and  bone,  from  which  the  cartilage 
receives  its  nutritive  supply.  Eespecting  the  vascular 
changes,  these  are  such  as  have  been  abeady  described  as 
characteristic  of  inflammation. 

The  changes  which  take  place  in  the  cartilage  itself 
have  been  believed  to  be  accompanied  by  activity  of  the 
cartilage-cells,  by  their  proliferation,  and  the  production 
of  new  elements.  Such  changes  are  represented  in 
Fig.  83.  The  results  of  recent  investigations,  however, 
tend  to  show  that  the  cells  of  the  cartilage  really  remain 
inactive  in  the  process  of  inflammation,  and  that  all  the 
young  elements  are  emigrants  from  the  vessels. 

Whether  the  cells  of  the  cartilage  take  any  active  part 
in  the  process  or  not,  their  capsules  become  destroyed, 
the  intercellular  substauce  softens  and  breaks  down,  and 
numerous  small  cells  take  the  place  of  the  original  tissue. 
(Fig.  83,  e.)  As  the  process  proceeds  the  new  cells  and 
granular  d6bris  escape  from  the  surface  of  the  cartilage, 
which  thus  becomes  irregular,  presenting  numerous 
elevations  and  depressions  :  this  is  acute  ulceration  of 
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cartilage.  Whilst  these  changes  are  taking  place  in  the 
cartilage  itself,  numerous  new  blood-vessels  are  formed 
from  those  in  the  adjacent  bone  or  synovial  membrane  ; 

Fig.  83. 


Section  of  Inflamed  Cartilage,  a.  The  nonnal  cartilage- 
cells,  b.  The  same  enlarged,  d.  Multiplication  of  cells 
within  their  capsules,  e.  Great  increase  in  the  number  of 
the  young  cells,  and  destruction  of  the  intercellular  sub- 
stance.   X  250.    (Gornil  and  Eanvier.) 

the  little  loops  of  new  vessels  dipping  into  the  softened 
cartilage.  This  process  of  softening  and  ulceration  may- 
go  on  until  the  cartilage  is  completely  destroyed,  or  it 
may  become  arrested.  In  the  latter  case  the  young  cells 
form  a  granulation -tissue,  this  tissue  fibrillates,  and  the 
lost  cartilage  thus  becomes  replaced  by  a  fibroid  structure. 

When  the  inflammation  is  less  severe  and  runs  a  more 
chronic  course,  the  cellular  infiltration  is  less  abundant, 
and  the  intercellular  substance  is  less  destroyed.  The 
newly  formed  cells  are  more  highly  organised,  and  whilst 
many  of  them  undergo  retrogressive  changes,  others  form 
a  tibrillated  tissue.  Irregular  cavities  may  thus  be  pro- 
duced in  the  midst  of  a  fibrillated  cartilage. 

Erosion  of  Cartilage. — Allusion  must  be  made  here  to  a 
morbid  condition  of  cartilage  which  is  exceedingly  common 
in  people  past  middle  life.  It  consists  in  the  occurrence 
upon  the  surface  of  the  articular  cartilages  of  small, 
yellowish,  flocculent  spots,  which  gradually  increase  in 
size,  and  ultimately  break  down  and  become  destroyed, 
leaving  a  superficial  erosion.    The  change  occurs  most 
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frequently  in  the  cartilages  of  the  patella  and  of  the  knee- 
joint,  and  in  other  situations  in  which  the  cartilages  are 
especially  subjected  to  pressure. 

When  the  diseased  portions  are  examined  microscopi- 
cally, the  most  marked  alteration  is  seen  to  consist  in  a 
fibrillation  of  the  intercellular  substance  of  the  cartilage. 
Some  of  the  cartilage-cells  are  also  increased  in  size  and 
show  signs  of  proliferation  ;  whilst  others  are  in  various 
stages  of  fatty  metamorphosis.  The  change  appears  to 
result  from  long-continued  irritation  due  to  pressure,  and  it 
may  be  regarded  as  an  irritative  process,  in  which,  owing 
to  the  natural  poverty  of  the  vascular  supply,  retro- 
gressive changes  occupy  a  very  prominent  place. 

INFLAMMATION  OF  THE  COENEA. 

The  process  of  inflammation  as  it  occurs  in  the  cornea 
has  been  chiefly  studied  in  the  frog.  After  injury  of  the 
frog's  cornea,  the  earliest  changes  observed  consist  in 
the  conjunctival  epithehum  becoming  visible,  and  in  the 
appearance  amongst  the  epitheUal  cells  of  a  few  leuco- 
cytes, which  have  probably  escaped  from  the  hyper^mic 
vessels  of  the  conjunctiva.  The  cornea  cells  and  their 
prolongations  then  become  visible  (they  are  invisible  in 
the  healthy  cornea,  which  appears  perfectly  structure- 
less), and  the  intercellular  substance  gradually^  becomes 
increasingly  opaque,  owing  to  its  infiltration  with  small 
cellular  elements  (leucocytes).  These  are  so  numerous 
and  increase  so  rapidly,  that  they  must  undoubtedly  be 
regarded  as,  in  the  main,  emigrant  white  blood-cor- 
puscles. It  was  formerly  believed  that  the  cells  of  the 
cornea  exhibited  active  changes,  and  that  from  them 
many  of  the  new  elements  which  are  seen  in  the  intercel- 
lular substance  were  produced ;  but  here,  as  in  cartilage, 
all  recent  investigations  render  it  more  probable  that  they 
really  remain  inactive.  As  the  number  of  young  elements 
increases  the  consistence  of  the  cornea  becomes  dimi- 
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nished,  until  Tiltimately  the  tissue  breaks  down  and  is 
destroyed. 

The  inflammatory  process  may  continue  until  the  whole 
of  the  substance  of  the  cornea  is  softened  and  destroyed  ; 
or  it  may  become  arrested.  In  the  latter  case  more  or  less 
thickening  and  opacity  of  the  cornea  wiU  result,  owing  to 
the  increase  in  the  number  of  cells  and  the  changes  in  the 
intercellular  substance. 


CHAPTER  X5XI. 


INFLAMMATION  OF  COMMON  CONNECTIVE  TISSUE, 

Common  connective  tissne  is  one  of  the  most  frequent 
seats  of  the  inflammatory  proceBS,  not  only  the  subcuta- 
neous connective  tissue,  but  also  the  connective  tissue 
of  organs  and  of  other  parts. 

If  connective  tissue  be  examined  a  few  hours  after  the 
infliction  of  an  injury,  it  will  be  found  that  in  place  of 
the  fibrillated  substance  and  fixed  connective-tissue  cells 
of  which  it  is  normally  composed,  the  tissue  is  infiltrated 
with  small  round  cells  (leucocytes),  and  that  the  fibril- 
lated interceUular  material  has  become  homogeneous 
and  gelatinous  in  consistence.  The  number  of  these  cells 
gradually  increases,  and  the  intercellular  substance  gra- 
dually becomes  more  completely  destroyed— being  pro- 
bably consumed  by  the  newly  formed  elements— so  that 
ultimately  the  tissue  consists  almost  entirely  of  smaU 
round  cells,  held  together  by  a  very  small  quantity  of  soft 
o-elatinous  intercellular  material. 

"  Eespecting  the  source  from  which  these  young  elements 
are  derived— i;.e.,  how  far  they  are  emigrants,  and  how 
far  they  are  the  offspring  of  cells  belonging  to  the  con- 
nective tissue— there  appears  to  be  Httle  doubt  that  they 
are  almost  entirely  emigrants.  Although  it  was  formerly 
supposed  that  the  connective-tissue  corpuscles  multiphed 
very  rapidly  in  inflammation,  and  that  the  newly  formed 
cells  were  entirely  the  result  of  their  proHferation,  the 
investigations  of  Professors  Cohnheim,  Strieker,  and 
others,  show  that  this  view  is  erroneous  ;  and  according 
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to  Cohnheim,  these  corpuscles  take  no  part  whatever  in 
the  inflammatory  process.  Professor  Strieker,  however, 
has  observed  them  undergoing  active  movements  in  the 
inflamed  tongue  of  the  frog,  and  although  he  has  never 
seen  them  divide,  he  concludes  that  they  may  probably 
do  so  in  the  latter  stages  of  the  inflammatory  process. 
The  present  state  of  our  knowledge  respecting  inflam- 
mation of  connective  tissue  would  therefore  appear  to 
justify  the  conclusion  that  in  the  early  stages  of  the 
process  all  the  young  cells  are  emigrants,  but  that  in  the 
latter  stages  a  few  of  them  may  possibly  be  derived  from 
the  proliferation  of  the  fi:sed  connective-tissue  cells. 

Such  being  the  nature  of  the  changes  which  more 
immediately  follow  injury  of  the  connective  tissue — the 
inflammatory  process  may  terminate  in  resolution,  m 
organisation,  or  in  suppuration. 

Resolution. — If  the  injury  sustained  by  the  tissue  is 
not  severe,  the  inflammation  may  gradually  subside,  the 
process  terminating  in  resolution.  In  this  case  the 
hyperEemia  diminishes,  the  emigration  ceases,  some  of 
the  young  cells  undergo  fatty  metamorphosis  and  thus 
become  absorbed,  others  pass  into  and  are  removed  by 
the  lymphatics,  and  the  tissue  gradually  returns  to  its 
normal  condition. 

Organisation. — If  the  inflammatory  process  does  not 
terminate  in  resolution,  many  of  the  young  cells  may 
become  more  fally  developed,  and  ultimately  form  a 
fibrillated  tissue.  This  organisation  of  the  inflammatory 
formation  is  seen  in  the  healing  of  wounds  by  the  "  first 
intention,"  and  also  in  many  of  the  chronic  inflamma- 
tions of  the  kidney,  liver,  and  other  organs.  In  order 
for  it  to  occur  it  is  necessary  that  there  should  be  a  con- 
siderable diminution  in  the  intensity  of  the  inflammation. 
(See  "  Chronic  Inflammations.") 

The  process  of  organisation  takes  place  by  the  produc- 
tion of  new  capillaries  and  by  the  development  of  the 
young  cells  into  a  granulation-tissue.  This  granulation- 
tissue  consists  almost  entirely  of  young  cells,  which  must 
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be  regarded  as  exhibiting  a  somewhat  higher  stage  of 
development  than  the  primary  amoeboid  cells  (leucocytes) 
of  the  inflammatory  formation.  They  are  spherical  masses 
of  protoplasm  from  -^^^  to  of  an  inch  in  diameter, 
usnaUy  containing  an  indistinct  ronnd  or  roundly-oval 
nucleus,  which  often  only  becomes  visible  after  the  addi- 
tion of  acetic  acid;  and  although  they  exhibit  slight 
amoeboid  movements,  they  are  much  less  active  than  tbe 
emigrant  blood-corpuscles.  The  further  organisation  of 
the  growth  takes  place  by  the  development  of  this  granu- 
lation-tissue into  a  fibrillated  or  adenoid  structure.  The 

Fig.  84. 


Varieties  of  new  Growth  resulting  from  chronic  Inflam- 
mation of  Connective  Tissue. — A  an  adenoid,  B  a  fibroid 
structure,    x  200. 

granulation -cells  diminish  in  number,  many  of  them  fre- 
quently become  spindle-shaped,  the  newly  formed  capil- 
laries gradually  disappear,  and  the  richly-cellular  tissue 
thus  becomes  converted  into  a  more  or  less  dense  struc- 
ture, which  is  characterised  by  the  gradual  process  of 
contraction  which  it  undergoes.  This  is  usually  known 
as  cicatricial  tissue. 

The  characters  of  this  new  tissue  present  certain  varia- 
tions. Sometimes  it  consists  of  closely-packed  wavy 
fibres,  amongst  which  are  a  few  elongated  spindle-shaped 
elements,  such  as  are  represented  in  Fig.  84,  b.  It  is 
equally  common  for  the  tissue  to  assume  the  appearance 
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shown  in  Fig.  84,  a — a  dense  homogeneous  or  obscurely 
fibrillated  material,  forming  meshes  of  various  sizes, 
within  which  are  grouped  a  few  lymphoid  cells.  (See 
also  Figs.  67  and  102.)  These  two  varieties  are  very 
frequently  associated  in  the  same  specimen,  the  former 
probably  representing  a  higher  degree  of  development 
than  the  latter. 

SuppuKATiON. — When  the  injury  sustained  by  the  tissue 
is  so  severe  or  so  prolonged  in  its  action  as  to  prevent  the 
occurrence  of  resolution  or  of  immediate  organisation,  the 
young  cells  infiltrate  the  tissue  in  such  numbers  that 
they  may  accumulate  so  as  to  constitute  pus.  The  pus 
may  either  become  collected  together  withia  the  tissue  so 
as  to  form  an  abscess,  or  it  may  be  continuously  dis- 
charged from  the  surface,  as  in  a  granulating  wound. 
The  deleterious  influence  which  the  pus  exercises  upon 
the  tissues  with  which  it  comes  in  contact,  causing  their 
destruction  and  absorption,  has  already  been  alluded  to. 
(See  "  Suppuration.") 

Organisation  after  Sihipfiiraiion. — This  constitutes  what 
is  generally  known  as  healing  by  granulation,  or  by  the 
second  intention.  It  takes  place  in  wounds  in  which, 
from  the  non-apposition  of  the  wounded  surfaces,  union 
by  the  &st  intention  has  not  been  effected ;  and  in  other 
lesions  in  which  the  injured  tissue  presents  a  free  surface 
communicating  with  the  external  air,  as  in  an  ulcer.  The 
process  of  repair  after  the  separation  of  a  dead  part 
(demarcation  and  separation)  is  in  the  same  way  effected 
by  granulation,  as  is  also  the  closing  of  the  cavity  left 
after  the  discharge  of  the  contents  of  an  abscess.  In  all 
these  and  similar  cases  the  inflammation  and  suppuration 
of  the  tissue  are  followed  by  the  formation  of  granula- 
tions, and  by  the  subsequent  development  of  these  into  a 
fibrillated  structure. 

The  process  of  organisation  in  these  cases  is  effected,  in 
the  first  place,  by  the  development  of  the  young  cells  in 
the  superficial  layers  of  the  inflamed  tissue  into  a  granu- 
lation-tissue, in  the  same  manner  as  when  there  is  no 
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suppuration.  This  granulation-tissue,  however,  being 
situated  superficially,  and  coming  into  contact  with  the 
external  air,  becomes  arranged  in  the  form  of  small  papil- 
liform  nodules,  which  are  known  as  granulations.  This 

Fig.  85. 


A  Granulating  Surface,  a.  Layer  of  pus.  &.  Granu- 
lation-tissue with  loops  of  blood-vessels,  c.  Commencing 
development  of  the  granulation-tissue  into  a  fibrillated 
structure,    x  200.  (ELndlleisch.) 

arrangement  of  the  granulation-tissue  in  the  form  of 
granidations,  appears  to  be  determined  by  that  of  the 
new  capillary  blood-vessels  which  are  developed  so 
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rapidly  in  it.  These  vessels  form  little  vascular  loops, 
and  the  young  cells  are  arranged  round  them,  so  that 
each  loop  corresponds  with  a  single  granulation.  The 
deeper  layers  of  the  granulation-tissue  gradually  become 
developed  into  a  fibrillated  tissue,  whilst  the  cells  on  the 
surface  of  the  granulations,  together  with  the  liquids 
exuded  from  the  subjacent  vessels,  are  discharged  in  the 
form  of  pus.    (Fig.  85.) 


CHAPTER  XXXII. 


INFLAMMATION    OF  BONE. 

Inflammatory  processes  in  bone  give  rise,  for  the  most 
part,  to  an  increase  of  medullary  tissue,  and  to  softening 
of  tlie  compact  osseous  structure. 

Tlie  process  takes  place  in  the  medullary  tissue  and  in 
the  Haversian  canals,  the  primary  vascular  phenomena 
being  accompanied  by  an  abundant  emigration  of  blood- 
corjjuscles.  The  cells  in  the  medullary  spaces  and 
Haversian  canals  also  undergo  changes.  In  those  which 
contain  fat — the  adipose  cells — the  fat  is  absorbed.  Some 
of  the  cells  enlarge  and  their  nuclei  multiply,  and  thus 
are  produced  large  multinucleated  elements  (myeloid 
cells),  similar  to  those  usually  met  with  in  growing  bone. 
Whether  there  is  any  new  cell-formation  is  uncertain. 
As  the  result  of  these  changes,  the  medrdlary  spaces  be- 
come occupied  by  a  richly-cellular  tissue. 

Whilst  these  changes  are  taking  place  in  the  medullary 
tissue,  the  surrounding  osseous  lamellae  are  gradually 
absorbed,  the  lime  salts  are  removed,  and  in  this  way 
the  medullary  spaces  and  Haversian  canals  increase  in 
size,  and  tiltunately  become  confluent.  There  is  thus  a 
new  formation  of  medullary  granulation-tissue  at  the 
expense  of  the  compact  osseous  structure,  and  the  bone 
becomes  exceedingly  spongy,  soft,  and  vascular. 

If  the  process  be  not  severe  it  may  occasionally,  in  its 
earliest  stages,  terminate  in  resolution.  More  commonly, 
however,  it  continues  imtil  more  or  less  of  the  bone 
becomes  replaced  by  the  inflammatory  tissue.    If  the  in- 
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flammation  be  of  considerable  intensity  it  leads  to  the 
formation  of  pns.  The  cellular  infiltration  increases,  the 
compact  osseous  tissue  becomes  more  and  more  absorbed, 
and  the  pus  which  is  produced  may  accumulate  beneath 
the  periosteum  or  in  the  centre  of  the  bone,  so  as  to  form 
an  abscess.  This  constitutes  the  condition  known  as 
ostso-myelitis  or  acute  ostitis.  These  intense  forms  of 
inflammation  often  lead  to  necrosis  of  the  bone. 

When  the  inflammation  is  of  much  less  intensity,  the 
new  inflammatory  tissue  may  undergo  progressive  de- 
velopment, and  form  new  bone.  In  this  case  a  new  for- 
mation of  osseous  tissue  takes  place  in  the  enlarged 
Haversian  canals  and  cancellous  spaces,  so  that  the  bone 
becomes  converted  into  a  heavy  dense  structure,  consisting 
of  hard  compact  osseous,  with  very  little  cancellous, 
tissue.    This  is  sclerosis  of  bone. 

Periostitis.— Inflammation  of  the  periosteum  may  be 
localised  or  diffuse,  acute  or  chronic.  Acute  inflamma- 
tions of  the  periosteum  lead  to  the  formation  of  pus, 
which  accumulates  between  the  bone  and  the  periosteal 
membran  e.  This,  by  interfering  with  the  vascular  supply, 
frequently  causes  necrosis  of  the  superficial  layers  of  the 
bone;  and  if  a  large  portion  of  the  periosteum  be  in- 
volved, and  the  inflammatory  process  extend  to  the  deeper 
parts  of  the  bone,  the  whole  bone  may  die.  Another 
not  infrequent  result  of  periostitis  is  a  chronic  superficial 
inflammation  and  caries  of  the  bone. 

When  the  inflammation  of  the  periosteum  is  less  intense 
and  more  chronic,  the  new  inflammatory  growth  produced 
in  the  deeper  layers  of  the  membrane  may  become  de- 
veloped into  osseous  tissue  (periosteal  ossification.)*  The 
process  thus  causes  enlargement  of  the  bone,  or  if  this  be 
necrosed,  it  helps  to  reproduce  the  lost  structure.  (See 
"  Necrosis.") 

*  According  to  Billroth,  this  now  osseous  tissue  is  partly  derived 
from  the  bono  itself,  which,  he  states,  is  the  seat  of  a  superficial 
ostitis.  (See  "  BiUroth's  Surgical  Pathology  and  Therapeutics," 
translated  by  Hackley.   4th  Edit.,  p.  419.) 
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Strictly  localised  inflammations  of  the  periosteum  occur 
in  the  formation  of  nodes,  and  here  also  there  is  fre- 
quently a  new  growth  of  bone. 

Necrosis.— All  conditions  interfering  with  the  supply  of 
blood  to  a  bone  may  be  causes  of  its  death.  Necrosis 
may  thus  result  from  accident,  portions  of  bone  being 
violently  separated  from  their  vascular  connexions,  or, 
more  commonly,  the  periosteum  being  stripped  off"  and  in- 
jured. Much  more  frequently,  however,  it  is  the  result  of 
the  intense  inflammatory  processes  in  the  bone  or  perios- 
teum which  have  been  described. 

The  bone,  when  dead,  undergoes  a  gradual  process  of 
separation  from  the  adjacent  hving  tissue.  This  is 
effected  in  the  same  way  as  the  separation  of  soft  struc- 
tures. (See  "Gangrene.")  The  adjacent  living  bone 
becomes  the  seat  of  an  inflammatory  process,  a  granula- 
tion-tissue and  pus  are  produced,  and  by  this  means  the 
dead  portion  is  completely  separated.  When  separated 
it  is  termed  a  seqitestrum. 

The  removal  of  the  sequestrum  from  the  granulation- 
tissue  with  which  it  is  in  contact  is  often  only  effected 
with  considerable  difficulty,  especially  if  it  be  deeply 
seated.  This  difficulty  is  occasionally  due  to  a  more  or  less 
thick  layer  of  the  old  bone  surrounding  the  necrosed  por- 
tion. Much  more  frequently,  however,  it  is  owing  to  the 
participation  of  the  periosteum  in  the  inflammatory  pro- 
cess. The  inflamed  periosteum  produces  new  bone,  a 
capsule  of  which  is  thus  formed,  enclosing  the  sequestrum. 
Openings  exist  in  this  capsule  (cloacce)  leading  to  the  dead 
bone,  and  through  these  openings  the  inflammatory  pro- 
ducts are  discharged.  When  the  sequestrum  is  quite  su- 
perficial, its  removal  is,  of  course,  more  readily  effected. 

Caries. — By  caries  is  understood  that  inflammatory  dis- 
integration of  bone  and  removal  of  the  dead  products 
which  corresponds  with  ulceration  of  soft  parts.  Caries 
is  therefore  one  of  the  results  of  inflammation  of  osseous 
tissue. 

Inflammatory  processes  in  bone  which  are  of  compara- 
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tively  slight  intensity  have  been  seen  to  be  characterised 
histologically  by  a  gradually  increasing  production  of  an 
inflammatory  granulation-tissue  from  the  medullary 
tissue  of  the  bone,  and  by  the  absorption  of  the  compact 
osseous  structure.  This  absorption  of  the  bone  appears 
to  be  effected  entirely  by  the  new  inflammatory  growth. 
When  these  chronic  inflammatory  processes  occur  in  the 
superficial  layers  of  the  bone  beneath  the  periosteum,  the 
bone  is  gradually  destroyed,  and  presents  a  ragged,  irregu- 
lar excavated  surface.  This  is  superficial  caries,  or  ulcera- 
tion of  bone.  The  floor  of  the  ulcer  consists  of  a  cancel- 
lous structure  containing  the  debris  of  the  disintegrating 
process.  In  many  cases  there  is  a  marked  condensation 
(sclerosis)  of  the  deeper  portions  of  the  bone. 

Chronic  inflammatory  processes  in  the  interior  o£  bone 
cause  in  the  same  way  absorption  and  disintegration  of  the 
osseous  structure.  Here,  however,  the  inflammatory  pro- 
ducts being  less  readily  removed,  sometimes  undergo, 
especially  in  scrofulous  children,  a  kind  of  caseous  trans- 
formation, and  the  carious  cavity  contains  molecular 
debris,  sanious  pus,  and  minute  portions  of  dead  bone. 
The  inflammatory  granulation-tissue  often  projects  as 
fungating  masses  into  the  cavity. 

Caries  is  frequently  associated  with  more  or  less  ne- 
crosis, especially  when  the  process  affects  the  interior  of 
the  bone.  Small  portions  of  bone  are  cut  off  from  their 
vascular  supply,  become  detached,  and  are  found  in  the 
carious  cavity. 

There  are  two  other  morbid  conditions  of  bone,  which, 
although  probably  not  coming  within  the  category  of  in- 
flammation, may  be  conveniently  described  in  the  present 
chapter — viz.  Mollities  Ossium  and  Rickets. 

MOLLITIES  OSSITJM:. 

Mollities  Ossium  or  Osteomalacia  is  a  rare  disease, 
occurring  only  in  adults.  It  is  characterised  by  a  pro- 
gressive softening  of  the  bones,  owing  to  an  increase  in 
their  medullary  tissue  and  the  destruction  of  the  com- 
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pact  osseous  structure.  The  bones  become  so  much 
softened  that  they  can  be  easily  cut  with  a  knife ;  they 
are  exceedingly  light,  and  bend  readily  in  all  directions. 
On  section,  the  cortical  layer  is  found  to  be  almost 
destroyed,  the  bone  consisting  of  a  wide  cancellous  struc- 
ture containing  a  reddish,  gelatinous,  fatty  material. 

The  nature  of  the  disease  is  obscure.  According  to 
Eindfleisch,  the  change  consists  in  a  decalcification  of  the 
osseous  tissue  spreading  gradually  from  the  medulla  and 
cancelli  of  the  bone.  The  decalcified  tissue  does  not  become 
so  completely  absorbed  as  in  inflammation  of  bone,  but 
undergoes  more  or  less  of  a  mucoid  change.  The  medul- 
lary tissue  is  exceedingly  vascular,  but  unHke  ordinary 
granulation-tissue  it  usually  contains  much  fat.  Lactic 
acid  has  been  found  in  the  bone  and  in  the  urine.  The 
urine  usually,  also  contains  lime  salts,  which  have  been 
removed  from  the  bone  and  eliminated  by  the  kidneys. 

RICKETS. 

The  common  disease  of  children  so  well  known  as 
Rickets,  or  Eachitis,  is  mainly  characterised  by  certain 
alterations  in  the  bones.  The  bones  generally  are  softened. 
The  ends  of  the  long  bones  are  enlarged,  and  the  flat  bones 
are  thickened.  As  a  result  of  these  alterations  the  bones 
become  deformed,  and  their  growth  is  frequently  arrested. 

Eespecting  the  nature  of  this  disease,  we  are  at  present 
unable  to  speak  certainly.  It  appears,  however,  to  be 
closely  associated  with  mal-nutrition,  and  all  those  con- 
ditions which  materially  interfere  with  the  nutrition  of 
the  child  may  be  causes  of  the  disease. 

The  alteration  in  the  bones  may  be  briefly  described — 
as  stated  by  Sir  W.  Jenner — as  consisting  in  an  increased 
preparation  for  ossification,  but  an  incomplete  perform- 
ance of  the  process.  In  a  growing  bone  the  zone  of  soft 
tissue  in  which  the  process  of  conversion  of  cartilage  into 
bone  is  taking  j)lace  is  exceedingly  narrow,  the  changes 
in  the  cartilage  involving  only  one  or  two  rows  of  the 
cartilage  cells.    In  rickets  this  transition  zone  is  very 
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considerably  widened,  the  changes  in  the  cartilage  cells 
extending  for  some  depth  into  the  cartilage,  and  the 
adjacent^layer  of  cancellous  tissue  being  much  broader 
than  natural.  The  junction  between  the  bone  and  the 
cartilage  is  also  exceedingly  irregular,  so  that  in  some 
parts  the  cancellous  bone  extends  mto  the  cartilage  much 
farther  than  in  others.  Usually  the  alterations  in  the 
cartilage  in  the  transition  zone  are  accompanied  by  the 
calcification  of  the  new  tissue  and  its  conversion  into 
bone.  In  riclcets,  however,  this  calcification  takes  place 
very  incompletely,  and  thus  a  wide  layer  of  imperfectly 
calcified  soft  tissue  is  formed  at  the  growing  end  of  the 
bone. 

A  similar  abnormality  exists  in  the  process  of  ossifica- 
tion from  the  periosteum.  Here  also  the  zone  of  vascular 
granulation-tissue  from  which  the  bone  is  developed  is 
exceedingly  broad,  the  calcification  of  the  tissue  is  exceed- 
ingly incomplete,  and  the  bone  thus  becomes  thickened  by 
a  soft,  vascular,  and  very  imperfectly  calcified  structure. 
As  the  bone  grows  the  medullary  cavity  naturally  widens, 
and  the  compact  tissue  becomes  absorbed.  This  imperfect 
formation  of  osseous  tissue  from  the  periosteum  produces, 
therefore,  considerable  softening  and  weakening  of  the 
bone. 

The  changes  in  the  bones  in  rickets  thus  closely  re- 
semble those  which  occur  in  the  normal  process  of  ossi- 
fication. There  is  the  same  change  in  the  cartilage 
cells  and  in  the  deeper  periosteal  layers,  but  this  change 
involves  abnormally  large  areas.  The  development  of 
the  young  cells  and  the  transformation  of  the  new  tissue 
appears  also  to  be  more  or  less  incomplete.  In  many 
parts  the  young  elements  do  not  form  perfect  bone-cells, 
but  simply  angular  cells  without  canaliculi,  whilst  in 
others  the  development  may  be  much  more  complete. 
Various  transitions  are  thus  met  with  between  tolerably 
well  developed  and  very  imperfect  bone-structure,  but 
owing  to  the  deficiency  of  lime  salts  this  structure  is  very 
imperfectly  and  very  irregularly  calcified. 
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INFLAMMATION  OF  BLOOD-VESSELS. 

INFLAMMATION  OF  AUTEBTES, 

In  studying  the  process  of  inflammation  in  arteries,  it 
must  be  borne  in  mind  that  the  inner  coat  of  these 
vessels  is  non-vascular,  the  blood-vessels  being  distri- 
buted in  the  external  layers. 

Acute  and  chronic  inflammations  of  arteries  are  a  very 
frequent  result  of  coagulation  of  the  blood  within  the 
vessel  (thrombosis).  Such  inflammations  will  be  con- 
sidered in  the  chapter  on  Thrombosis.  Independently  of 
thrombi,  the  most  acute  inflammatory  processes  in 
arteries  are  for  the  most  part  the  results  of  injuries  from 
violeuce,  or  of  inflammation  in  adjacent  tissues.  Here, 
the  histological  changes  are  principally  confined  to  the 
external  coat  of  the  vessel.  This  becomes  exceedingly 
hypersemic  and  infiltrated  with  small  cells,  the  cellular 
infiltration  involving  also  the  middle  coat.  As  a  con- 
sequence of  these  changes  in  the  outer  coats  the  vitality 
of  the  intima  is  impaired  or  destroyed,  and  when  this 
has  occurred  the  blood  contained  within  the  vessel 
coagulates. 

Atheroma. — The  more  chronic  forms  of  arterial  in- 
flammation give  rise  to  changes  which  are  most  marked 
in  the  deeper  layers  of  the  inner  coat,  where  they  produce 
those  various  alterations  in  the  walls  of  the  vessel  included 
under  the  common  term — atheroma.  In  the  earliest 
stage  of  the  inflammatory  process  the  fibrous  and  elastic 
lamellas  of  the  inner  coat  of  the  vessel  become  infiltrated 
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with  smaU  ceUs,  wHcli  are  probably  partly  emigrants, 
and  partly  derived  from  the  cells  of  these  structures.  Aa 
these  cells  increase  in  number  they  give  rise  to  a  sweUmg 
beneath  the  innermost  layers  of  this  coat  of  the  artery. 
(Fig.  86).    This  sweUing  of  the  intima  is  very  charac- 

FiG.  86. 


AtJiercma  of  the  Aorta.  Showing  the  cellular  infiltration 
of  the  deeper  layers  of  the  inner  coat,  and  the  consequent 
internal  bulging  of  tbe  vessel.  The  new  tissue  has  under- 
gone more  or  less  fatty  degeneration.  There  is  also  some 
cellular  infiltration  of  the  middle  coat.  i.  internal,  m. 
middle,  e.  external  coat  of  vessel,    x  50,  reduced  J. 

teristic.  It  is,  in  the  earlier  stage  of  the  process,  of  a 
soft  flabby  consistence,  and  the  lining  membrane  which 
is  continuous  over  it  can  be  stripped  off,  leaving  the 
diseased  tissue  beneath.  It  thus  contrasts  strongly  with 
the  superficial  patches  of  fatty  degeneration  which  result 
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from  the  fatty  metamorpliosis  of  the  endotlielial  and 
connective-tissue  cells  of  the  vessel.  (See  "  Fatty  Dege- 
neration of  Arteries.") 

The  results  of  the  inflammatory  process  wiU  depend 
upon  its  severity.  If  the  process  be  very  acute,  the 
young  elements  accumulate  rapidly  and  infiltrate  the 
middle  and  external  coats,  so  that  the  walls  of  the  vessel 
become  so  much  softened,  that  dilatation,  aneurism,  or 
rupture  may  ensue.  Such  acute  changes  are  a  common 
cause  of  aneurism.  The  inflammation,  however,  is  usually 
of  less  intensity  and  runs  a  more  chronic  course,  and  it 
is  only  to  these  more  chronic  arterial  changes  that  the 
term  "  atheroma"  is  commonly  applied. 

When  the  process  is  less  intense  and  more  chronic  in 
its  course,  it  leads  to  various  alterations  in  the  wall  of  the 
vessel.  The  soft  cellular  infiltration  of  the  deeper  layers 
of  the  intima  usually  undergoes  retrogressive  changes, 
owing  to  deficient  nutritive  supply.  These  changes  com- 
mence in  the  deeper  portions  of  the  new  tissue.  The 
young  cells  undergo  fatty  degeneration,  the  intercellular 
substance  softens,  and  thus  a  soft,  yellowish,  jDultaceous 
material  may  be  produced  beneath  the  lining  membrane 
of  the  vessel.  This  has  been  termed  an  atheromatous 
abscess.  The  lining  membrane  may  ultimately  give  way 
and  the  softened  matters  be  carried  away  by  the  circu- 
lation, and  thus  is  produced  the  atheromatous  ulcer. 
In  other  cases  the  more  liquid  constituents  of  the  de- 
generated tissue  gradually  become  absorbed,  cholesterin 
forms,  and  thus  a  mass,  consisting  of  broken-down  fibres 
and  cells,  fatty  debris,  and  cholesterin  crystals,  with  a 
varying  quantity  of  the  original  fibrillated  tissue,  re- 
mains in  the  deeper  layers  of  the  inner  coat.  (Fig.  86.) 
This  may  subsequently  calcify,  and  so  form  a  calcareous 
plate. 

In  the  most  chronic  forms  of  the  atheromatous  process 
there  is  more  or  less  fibrillation  of  the  new  tissue,  and 
thus  is  produced  a  fibroid  thichening  of  the  inner  coat  of 
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tlie  artery.  The  organisation,  however,  is  rarely  coni- 
plete,  more  or  less  fatty  debris  being  usually  enclosed  in 
the  fibroid  stroma. 

Eespecting  the  causes  of  these  chronic  arterial  inflam- 
mations included  under  the  common  term  of  atheroma— 
they  are  probably  mainly  due  to  over-strain  of  the  vessel, 
the  strain  exercising  a  chronic  injurious  influence.  This 
view  has  been  especially  insisted  upon  by  Dr.  Moxon.* 
It  is  supported  by  the  fact  that  those  vessels  which  are 
the  most  exposed  to  strain,  are  the  most  liable  to  this 
disease — e.g.,  the  arch  of  the  aorta  ;  also  by  the  exceeding 
frequency  of  atheroma  in  all  those  conditions  in  which 
there  is  an  increase  of  the  blood-pressure.  The  effect  of 
increased  blood-pressure  as  a  cause  of  atheroma  is  seen 
in  the  liability  of  athletes  to  the  disease  ;  and  also  in  the 
frequency  with  which  it  occurs  in  chronic  Bright's  disease, 
and  in  the  pulmonary  vessels  in  cases  of  mitral  obstruc- 
tion, &c.  The  occurrence  of  atheroma  is  also  favoured 
by  syphilis. 

rNFIiAMMATION  OF  VEINS. 

Inflammatory  processes  in  veins  are  more  frequent 
than  in  arteries,  but  here  they  are  in  the  very  great 
majority  of  cases  secondary  to  coagulation  of  the  blood 
within  the  vein  (thrombosis),  the  coagulum  exercising  an 
injurious  influence  upon  the  coats  of  the  vessel.  These 
inflammations  resulting  from  thrombosis  will  be  treated  of 
in  a  subsequent  chapter.   (See  "  Eesults  of  Thrombosis.") 

The  inner  coat  of  the  veins  is,  like  that  of  the  arteries, 
non-vascular,  and  hence  acute  inflammatory  changes  are, 
for  the  most  part,  confined  to  the  external  and  middle 
coats.  Independently  of  inflammations  resulting  from 
thrombosis,  the  lining  membrane  of  veins  appears  to  un- 
dergo no  inflammatory  changes. 


*  "Lectures  on  Pathological  Anatomy."  Wilks  and  Moxon, 
2nd  Edit.,  p.  150. 


288        INFLAMMATION  OF  BLOOD-VESSELS. 


Acute  and  clironic  inflammatory  processes  in  veins  are, 
as  already  stated,  most  frequently  due  to  thrombosis. 
They  may  also  result  from  violent  injury,  or  from  the 
extension  of  inflammation  from  adjacent  tissues.  The 
process,  when  acute,  closely  resembles  that  in  the  arte- 
ries. The  external  and  middle  coats  become  infiltrated 
with  cells,  the  vitality  of  the  intima  ultimately  becomes 
impaired  or  lost,  and  when  this  has  occurred  the  blood 
within  the  vein  coagulates. 


CHAPTER  XXXIV. 


INFLAMMATION  OF  THE  HEAET. 

Inflammatory  processes  in  tlie  heart  may  affect  the  sub- 
stance of  the  organ,  or  the  endocardium.  They  are  much 
more  frequent  in  the  last-named  situation. 

ENDOCARDITIS. 

Endocarditis  is  for  the  most  part  limited  to  the  valves 
of  the  heart,  although  it  is  occasionally  met  with  involving 
more  or  less  of  the  cardiac  cavities.  The  process  is 
almost  exclusively  confined  to  the  left  side  of  the  organ, 
and  in  the  great  majority  of  cases  it  commences  in,  and 
comparatively  rarely  extends  beyond,  the  confines  of  the 
aortic  and  mitral  valves  and  the  corresponding  orifices. 
Further— it  is  those  portions  of  the  valves  which  come 
into  contact  in  the  act  of  closure,  and  are  thus  most  ex- 
posed  to  friction,  which  are  especially  involved,  and  in 
which  the  changes  usually  commence.  Thus,  in  the  aortic 
valves,  it  is  the  convex  surfaces  of  the  segments  which 
are  most  liable  to  be  affected,  and  not  the  free  edge  of  the 
segment,  but  the  little  band  of  tissue  which  passes  from 
its^  attached  border  to  the  corpus  Arantii  in  the  centre 
(Fig.  87) ;  and  in  the  mitral  valve,  the  auricular  surface 
of  the  segments  at  a  little  distance  from  the  attachment 
of  the  chords  tendineae.  (Fig.  88.)  When  portions  of  the 
endocardium  apart  from  the  valves  are  affected,  this  is 
frequently  due,  as  pointed  out  by  Dr.  Moxon,  to  the  irri- 
tation caused  by  the  friction  of  vegetations  or  fibrinous 
clots  situated  on  the  valves  themselves.   (Fig.  89.) 

u 


290  INFLAMMATION  OF  THE  HEART. 


The  histological  changes  accompanying  endocarditis 
closely  resemble  those  already  described  as  occurring  in 

Fig.  87.  Fig.  88. 


Inflammation  of  Aortic  Valves.^  Inflammation  of  Mitral  Valve.— 
The  earlier  stage  of  the  process.  The  earlier  stage  of  process.  V  alve 
Showing  the  situation  of  the  in-  seen  from  tbe  auricular  surface, 
flammatory  granulations.  Showing  the  situation  of  the  in- 

flammatory granulations. 


Fig.  89. 


Endocarditis  due  to  Friction.— The  drawing  represents 
a  long  vegetation  on  one  of  the  segments  of  the  aortic 
valve,  which  by  rubbing  on  the  endocardium  bolow  Uas 
produced  numerous  inflammatory  granulations  (a). 


ENDOCARDITIS. 


those  more  chronic  forms  of  arterial  iDflammation  known 
as  atheromatous.  The  endocardium  and  inner  coat  of 
an  artery  are  very  a,nalogous  in  their  structure,  both 
being  non-vascular,  and  consisting  of  a  layer  of  connec- 
tive tissue  with  an  internal  endothelial  covering.  The 
inflammatory  process  may  be  acute  or  chronic. 

Acute  Endocakditis. -If  the  process  be  acute,  the 
deeper  layers  of  the  endocardium  become  rapidly  infil- 
trated mth  young  cells,  and  as  these  increase  in  number 
the  intercellular  substance  becomes  softened  and  de- 
stroyed, and  thus  is  produced  a  soft  tissue  composed 


Fig.  90. 


Acute  Endocardia^.  A  granulation  from  the  mitral 
valve  sbowiug  a  fibrinous  coagulum  upon  the  surface 
of  the  granulation,     x  10  (Eindfleisch.) 

almost  entirely  of  cells  such  as  always  results  from 
inflammatory  processes  in  connective  tissue.  The  new 
tissue  as  it  increases  tilts  up  the  superjacent  endo- 
thelium and  projects  in  the  form  of  minute  granulations 
and  vegetations  upon  the  surface  of  the  softened  valve. 
(See  Pigs.  87  and  88.)  The  endothelial  elements  probably 
also  participate  in  the  active  process. 

The  above  changes  take  place  in  an  almost  non-vas- 
cular tissue,  and  although  there  is  more  or  less  increase  of 
vasculai-ity  in  the  more  external  endocardial  layers,  where 
the  capillaries  are  more  numerous,  there  is  rarely  any 
redness  or  injection  of  the  endocardium  seen  after  death. 
Neither  is  there  usually  any  liquid  exuded  upon  the 
surface  of  the  granulations.  What  was  formerly  regarded 
as  an  exuded  material,  is  in  the  main  coagulum  which  has 

u  2 
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been  deposited  from  the  blood  upon  the  roughened  sur- 
face of  the  valve.  This  deposition  of  coagulum  frequently 
occurs  in  endocarditis,  the  roughened  and  abnormal  endo- 
cardium acts  as  a  foreign  body  and  so  causes  a  deposition 
upon  its  surface.  This  must  not  be  confounded  with  the 
vegetations  themselves.    (Fig.  90.) 

The  results  of  this  cellular  infiltration  vary.  If  the 
process  be  very  acute  the  new  tissue  may  break  down, 
and  thus  a  loss  of  substance  result — an  endocardial 
nicer.  This  takes  place  without  any  accumulation  of  cells 
sufiicient  to  form  an  abscess,  the  new  tissue  simply  be- 
coming rapidly  softened  and  disintegrating.  In  rare 
cases,  however,  small  quantities  of  pus  are  found  in  the 
deeper  endocardial  layers.  The  ulcer  is  irregularly  defined, 
and  its  edges  are  usually  swelled  and  thickened.  This 
ulcerative  endocarditis  is,  however,  not  frequent,  the  pro- 
cess usually  being  less  acute.  The  ulceration  may  lead  to 
perforation  of  the  valve,  or  to  a  considerable  destruction  of 
its  substance.  Laceration  or  aneurism  of  the  valve  may 
also  ensue  from  the  pressure  exercised  by  the  blood  against 
the  damaged  tissue.  Sometimes  the  ulcerative  process 
extends  so  as  to  involve  the  cardiac  substance.  Ulcerative 
endocarditis  is  a  grave  afi"ection,  often  giving  rise  to  em- 
.  holism,  and  sometimes  to  a  pyemic  process. 

When  the  inflammatory  process  is  less  severe,  as  is 
much  more  commonly  the  case,  the  new  tissue  becomes 
incompletely  organised  into  a  fibrUlated  structure,  whilst 
it  undergoes,  in  part,  fatty  and  calcareous  degeneration. 
These  changes  may  result  in  the  adhesion  of  the  valves, 
either  to  one  another  or  to  the  walls  of  the  heart.  They 
always  produce  permanent  thichening,  rigidity,  and 
shrinking  of  their  structure.  The  new  tissue  may  con- 
tinue to  grow  after  the  severity  of  the  process  has  sub- 
sided, and  thus  are  produced  the  vegetations  and  papil- 
lary excrescences  on  the  valves  which  are  so  commonly 
met  with.  (See  Fig.  89.)  These  consist  of  a  lowly 
organised  tissue,  which  tends  to  undergo  fatty  and  cal- 
careous changes. 


MYOCAEDITIS. 


Chkonic  ENDOCABDiTis.-Tliis  may  be  tlie  sequel  of 
acute  inflammatiou,  or  the  process  may  from  its  com- 
meucemeut  be  chronic  in  its  nature.  In  chronic  endo- 
carditis the  cellular  infiltration  is  much  less  rapid  and 
abundant  than  in  the  acute  form  ;  the  intercellular  sub- 
stance consequently  becomes  much  less  softened  and 
destroyed,  and  the  new  tissue  has  a  much  greater  ten- 
dency  to  become  developed  into  a  fibrillated  structure. 
The  result  of  these  chronic  processes  is  therefore  to  pro- 
duce a.  fibroid  tUchening  of  the  endocardium,  and  so  to 
cause  considerable  induration  and  contraction  of  the 
valves  or  valvular  orifices.  The  new  tissue  sometimes 
forms  papillary  growths  on  the  valves,  which  undergo 
partial  fatty  and  calcareous  changes.    (See  Eig.  89.) 


MYOCABDITIS. 


Myocarditis,  or  inflammation  of  the  cardiac  substance, 
is  much  less  frequent  than  the  preceding.    Intense  and 
concentrated  inflammations  leading  to  the  formation  of 
abscess  probably  occur  only  as  the  result  of  a  pysemic 
process.    Less  intense  and  more  difi'ase  forms  of  cardiac 
inflammation  are  also  not  unfrequently  met  with  in  asso- 
ciation with  pericarditis,  and,  less  commonly,  with  endo- 
carditis.    Here  the  inflammatory  process  appears,  by 
extension,  to  involve  the  immediately  adjacent  muscular 
layers  of  the  organ,  which  are  found  infiltrated  -with 
small  cells,  the  fibres  themselves  being  softened  and 
granular. 

In  addition  to  the  above,  a  form  of  myocarditis  must 
be  recognised  in  which  the  substance  of  the  heart  becomes 
more  generally  involved.  In  certain  cases  of  acute  rheu- 
matism the  muscular  tissue  of  the  heart  is  found  after 
death  swollen,  softened,  opaque,  and  occasionally  faintly 
mottled  with  slightly  yellowish  patches.  When  examined 
microscopically,  the  fibres  are  seen  to  have  lost  their 
striation  and  to  be  finely  granular,  their  nuclei  are  large 
and  prominent,  and  small  cells  are  found  in  varying 
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numbers  infiltrating  the  intermuscular  tissue.  (Fig.  91.) 
I  have  met  with  these  appearances  in  two  or  three  cases 

Fig.  91. 


Amte  Myocarditis.  From  a  case  of  acute  rheumatism. 
a.  A  thin  section  of  the  left  ventricle  made  in  the  du'ection 
of  the  muscular  fibres,  sho'wing  the  granular  and  swollen 
condition  of  the  fibres,  and  the  prominence  of  their  nuclei. 
6.  A  transverse  section,  showing  the  cellular  infiltration  of 
the  intermuscular  tissue,    x  2U0. 

of  acute  rheumatism,  and  they  must,  I  think,  be  regarded 
as  evidence  of  the  existence  of  an  acute  inflammatory 
process.  The  change  is  most  marked  in  the  left  ventricle, 
and  it  is  usually  associated  with  endo-  or  pericarditis. 
It  is  a  grave  complication  of  acute  rheumatism,  and  pos- 
sibly of  some  other  diseases,  and  is  probably  more  frequent 
than  is  generally  supposed. 

Fibroid  Indoration  of  the  Heakt. — This,  a  com- 
paratively rare  condition,  is  probably,  in  most  cases,  a 
result  of  myocarditis.  The  change  is  characterised  by 
the  development  of  a  fibrillated  tissue  between  the 
muscular  elements.  The  process  commences  in  the 
intermuscular  septa  around  the  blood-vessels.  This 
becomes  infiltrated  with  small  cells,  which  tend  to  become 
developed  into  a  fibrillated  structure.    (Fig.  92.)  The 
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.rowth  of  new  tissue  gradually  extends  between  the 
bundles  of  muscular  fibres,  so  that  ultimately  each  fibre 
Zy  be  surrounded  by  a  tract  of  dense  fibroid  tissue. 

Fig.  92, 


Fibroid  Induration  of  the  Heart.    A  thm  section  from 
the  waU  of  the  left  ventricle,  showing  the  small-celled 
growth  in  the  intennuscular  septa  ai-ound  the  blood- 
vessels,   a.  a.  vessels.    X  200. 
(rig.  93.)    The  muscular  fibres  themselves,  owing  to  the 
resulting  interference  with  their  nutritive  supply,  atrophy, 

Fig.  93. 


Fibroid  Induration  of  tJie  Heart.  A  section  from  the  left 
ventricle  of  the  same  heart  as  Fig.  92,  showing  a  more 
advanced  stage.  The  fibroid  tissue  surrounds  the  m- 
dividual  muscular  fibres,  which  are  undergoing  fatty- 
degeneration.    X  200. 
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undergo  fatty  metamorphosis,  and  are  gradually  replaced 
by  the  fibroid  growth.  (Fig.  93.)  Very  frequently  the 
cellular  nature  of  the  growth,  which  I  beheve  to  charac- 
terise the  earlier  stages  of  its  development,  is  not  seen, 
the  new  issue  being  simply  fibroid.* 

Fibroid  induration  of  the  heart  appears  in  most  cases 
to  be  induced  by  inflammatory  processes  commencing  in 
the  peri-  or  endocardium.  When  secondary  to  peri- 
carditis, the  change  is  usually  most  advanced  in  the  more 
external  portions  of  the  cardiac  walls,  and  it  commonly 
affects  both  the  right  and  left  ventricles.  When,  on  the 
other  hand,  an  endocarditis  ia  the  precursor  of  the  indu- 
rative process,  the  change  is  more  marked  in  the  internal 
muscular  layers,  and  inasmuch  as  inflammatory  processes 
in  the  endocardium  occur  almost  exclusively  in  the  left 
cardiac  cavities,  the  left  ventricle  is  principally  involved. 
In  other  cases  the  flbroid  growth  appears  to  be  the  result 
of  syphilis.    (See  "  Syphilis.") 

Although  the  growth  of  new  tissue  is  thus  usually 
more  advanced  in  certain  portions  of  the  muscular  walls 
than  in  others,  it  is  by  no  means  uniformly  distributed. 
In  some  parts  it  may  be  very  dense,  the  muscular  fibres 
being  entirely  obliterated,  whilst  in  others  it  is  entirely 
wanting,  and  the  muscular  elements  present  a  normal 
appearance. 

Fibroid  induration  of  the  heart — excluding  that  result- 
ing from  syphilis— appears  to  occupy  the  same  patholo- 
gical position  as  similar  fibroid  changes  in  other  organs — 
e.g.,  in  the  liver  and  kidneys.  It  must  therefore  be 
regarded  as  the  result  of  a  chronic  inflammatory  process, 
which  might  be  termed  chronic  imjocarditis.  Its  effect 
must  evidently  be  to  interfere  very  materially  with  the 


*  Dr.  Hilton  Fagge,  in  a  series  of  eleven  cases  of  fibroid  disease 
of  the  heart,  found  that  cellular  elements  in  the  new  growth  were 
almost  invariably  absent.  (See  "  Trans.  Path.  Soc.  Loud.,"  vol. 
XXV.  p.  64.) 
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motor  power  of  the  organ,  and  it  consequently  constitutes 
one  of  the  most  grave  of  all  cardiac  diseases. 

The  cardiac  walls  may  become  much  thickened  by  the 
new  -rowth,  and  the  induration  of  texture  is  often  very 
considerable.  In  the  specimen  from  which  the  accom- 
panying drawings  were  made,  the  disease  was  apparently 
secondaV  to  an  endocarditis,  and  the  walls  of  the  left 
ventricle  were  so  hard  that  they  cut  almost  like  a  piece 
of  tendon. 


CHAPTER  XXXY. 


INFLAMMATION  OF  LYMPHATIC  STEUCTUEES. 

iNrLAMMATORY  processes  in  lymphatic  stractures  usually 
result  from  their  injury  by  substances  conveyed  to  them 
by  the  lymphatic  vessels.  They  include — acute  and 
chronic  inflammations,  and  the  specific  inflammation 
associated  with  Typhoid  Fever.  Each  of  these  must  be 
considered  separately. 

ACUTE  INFLAMMATION  OP  LYMPHATIC  STEUCTUEES. 

Examples  of  acute  inflammation  of  lymphatic  structures 
are  furnished  by  the  inflammation  of  the  glands  in  the 
axilla  from  a  wound  on  the  hand,  of  the  glands  in  the 
groin  from  gonorrhoea,  and  of  Peyer's  and  the  soHtary 
glands  in  the  intestine  from  inflammation  of  the  intestinal 
mucous  membrane. 

The  pi-ocess  consists  in  a  hyperaBmia  of  the  gland  to- 
gether with  a  rapid  increase  in  the  number  of  the  lymph- 
cells.  This  increase  is  probably  due,  pai-tly  to  a  hyper- 
plasia of  the  original  cells  of  the  gland,  and  partly  to 
the  migration  of  blood-corpuscles.  The  cells  not  only 
increase  in  number,  but  many  of  them  become  much 
larger  in  size,  and  their  nuclei  multiply.  The  cells  of  the 
trabeculjB  also  jDarticipate  in  the  active  process.  The 
increase  in  the  size  of  the  elements  and  the  multipli- 
cation of  their  nuclei  usually  leads  to  the  production 
of  some  larger  cells  containing  three  or  four  nuclei. 
These  have  been  already  alluded  to  as  being  frequently 
met  with  in  lymj)hatio  structures  which  are  undergoing 
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rqpp"Picr37)    Owing  to  these  changes 

pulpy  in  consistence,  and  its  coniu 
parts  are  no  longer  distingmsliable. 

Upon  the  removal  of  the  injurious  influence  the  proces 
upon  tno  le  elements  undergo  dis- 

may g^^'l'-^^^l^y/t  n^Hon  and  the  gland  returns  to  its 

Tundm"  connective  tissue.  In  the  glands  o  a  mncous 
Xb"ane  tte  process  gives  rise  to  what  is  kno™  as  a 
follicular  abscess. 

CHBONIC  INFLAMMATION        LYMPHATIC  STBrCTTTBES. 

Chronic  inflammations  of  lymphatic  structures  result 
from  injuries  which  are  less  severe  and  more  prolonged 
u  Theii  action  than  those  which  give  rise  to  the  acute 


Fig.  94. 


Chronic  Inflammation  of  a  Lymphatic  G^""nd. 
Showiug  the  increase  in  the  stroma,  and  the 
diminution  in  the  number  of  the  lymphoid 
cells.    X  200. 

form  The  resulting  cellular  infiltration  of  the  gland  is 
consequently  a  more  continuous  one,  and  the  gland  be- 
comes more  or  less  permanently  increased  m  size,  ihe 
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reticulum  is  also  considerably  involved.  These  chronic 
inflammatory  processes  differ  from  the  acute,  inasmuch 
as  they  lead  to  a  gradually  increasing  development  of  the 
reticular  structure  of  the  gland.  The  reticulated  network 
becomes  thicker  and  more  fibrous,  its  meshes  become 
smaller  and  smaller,  the  lymph-cells  diminish  in  number, 
and  thus  the  gland  becomes  hard  •  and  fibrous  in  consis- 
tence.   (Fig.  94.) 

Scrofulous  Glands. — In  those  chronic  inflammations  of 
the  lymphatic  glands  which  occur  in  scrofulous  subjects, 
and  in  which  the  glands  tend  to  become  caseous,  the 
changes  resemble  those  which  have  been  already  described 
as  characteristic  of  scrofulous  inflammation.  (See  "  Scro- 
fulous Inflammation.")  The  cellular  infiltration  is  con- 
siderable, there  is  but  little  tendency  to  absorption,  and 
many  of  the  cells  increase  in  size,  and  even  form  multi- 
nucleated elements.  The  gland  thus  becomes  enlarged, 
soft,  and  elastic  in  consistence,  and  of  a  uniform  greyish- 
white  colour.  Owing  to  the  obstruction  to  the  circulation 
caused  by  the  pressure  of  the  cellular  infiltration,  the 
gland  undergoes  retrogressive  changes  and  becomes  case- 
ous. The  caseous  material  may  subsequently  liquefy,  or 
become  infiltrated  with  calcareous  particles.  Many  caseous 
lymphatic  glands  are  tuberculous.  (See  "  Tuberculosis  of 
Lymphatic  Glands.") 

INFLAMMATION  OF  LYMPHATIC  STKtrCTURES  IN 
TYPHOID  FEVER. 

The  inflammatory  processes  which  occnr  in  the  lym- 
phatic structures  in  Typhoid  Fever,  have  their  seat  in  the 
spleen,  in  the  lymphatic  structures  of  the  intestine,  and 
in  the  mesenteric  glands. 

The  Spleen. — In  the  spleen  the  change  resembles  that 
which  occurs  in  many  of  the  other  acute  febrile  diseases, 
although  it  reaches  its  maximum  in  tj^jhoid.  The  splenic 
tissue  becomes  exceedingly  vascular  and  the  lymphatic 
elements  increase  rajDidly  in  number,  so  that  the  organ 
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often  attains  two  or  tliree  times  its  natural  size.  Many 
of  the  new  elements  enter  the  blood,  thus  causing  a  slight 
temporary  increase  in  the  number  of  white  blood-corpus- 
cles   As  the  fever  subsides,  the  hyperismia  diminishes, 
many  of  the  new  elements  undergo  disintegration  and  ab- 
sorption, the  remainder  enter  the  blood,  and  thus  the  organ 
acrain  attains  its  normal  characters  and  dimensions. 
°The  Intestinal  Lymphatic  Structures.— It  is  m  the 
solitary  and  Peyer's  glands  that  the  most  characteristic 
changes  take  place  in  typhoid  fever.    These  structures 
may  be  involved  throughout  the  whole  of  the  small  and 
large  intestine,  but  in  most  cases  the  process  is  limited  to 
those  in  the  ileum  and  cascum ;  and  those  glands  are 
always  the  most  affected  which  are  situated  the  nearest 
to  the  ileo-cgecal  valve. 

The  primary  change  here  consists  in  a  hypersemia  and 
ceUular  infiltration  of  the  glands.  Many  of  the  ceUs 
increase  considerably  in  size,  so  as  to  form  the  multi- 
nucleated elements  already  alluded  to.  Both  Peyer's 
patches  and  the  solitary  glands  thus  become  considerably 
enlarged  and  prominent,  standing  up  above  the  surface 

Fig.  95. 


Typhoid  swelling  of  Pcycr^s  Patches  and  Solitary 
Glands  of  the  Intestine. 


of  the  intestine.  (Fig.  95.)  They  are  of  a  greyish-white 
or  pale  reddish  colour,  and  of  a  soft,  brain-like  consistence. 
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The  surrounding  mucous  membrane  is  also  exceedingly- 
vascular,  and  is  the  seat  of  an  acute  catarrhal  process. 
This  catarrh  is  more  or  less  general,  and  usually  precedes 
the  swelling  of  the  glands.  The  cellular  iniiltration,  in 
many  parts,  rapidly  extends  beyond  the  confines  of  the 
glands  into  the  immediately  surrounding  and  subjacent 
tissues,  and  even  in  some  cases  into  the  muscular  coat. 

Tbe  process  now  passes  into  the  second  stage — that  of 
tbe  death  and  disintegration  of  the  newly  formed  tissue. 
This  may  terminate  in  various  ways.  The  enlarged 
glands,  many  of  them,  subside,  the  new  elements  become 
disintegrated  and  are  absorbed,  and  the  gland  thus  un- 
dergoes a  gradual  process  of  resolution.  In  others,  the 
individual  follicles  of  the  gland  rupture,  discbarging  their 
contents  externally,  and  the  patches  then  acquire  a  pecu- 
liar reticulated  appearance.  The  most  characteristic 
termination,  however,  of  the  typhoid  process,  is  the  sepa- 
ration of  the  dead  tissue  as  a  slough,  and  the  formation 
of  the  typhoid  ulcer. 

The  process  of  sloughing  and  ulceration  may,  like  the 
cellular  infiltration,  take  i^lace  uniformly  throughout  the 

whole  gland,  in  which  case  the 
whole  mass  is  thrown  off,  leav- 
ing an  ulcerated  surface  cor- 
responding in  size  with  that 
of  the  gland.  (Fig.  96.)  More 
commonly,  however,  in  the 
patches,  the  sloughing  com- 
mences in  diff"erent  portions  of 
the  patch,  and  small  irregular 
losses  of  substanccresult,  which 
may  gradually  extend  until 
they  form  one  large  ulcer. 
Although,  as  already  stated,  the  cellular  infiltration 
may  extend  beyond  the  confines  of  the  glands,  this  is 
rarely  the  case  with  the  ulceration.  The  peripheral  infil- 
tration undergoes  resolution,  and  hence  the  ulcers  have 
the  same  configuration  as  the  original  glands ;  those  origi- 


FiG.  96. 


A  Typhoid  Ulcer  of  the 
Intestine. 
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natm<^  from  tlie  patches  being  oval,  with  their  long  dia- 
meter in  the  direction  of  the  gut;  and  those  originating 
in  the  soHtary  glands  being  spherical  in  shape.  In  rare 
cases,  when  there  is  much  infiltration  of  the  surrounding 
mucous  membrane,  the  ulceration  may  extend  slightly  be- 
yond the  confines  of  the  glands. 

With  the  sloughing  and  disintegration  of  the  new  tissue 
the  process  of  infiltration  ceases,  and  hence  there  is  no 
induration  or  thickening  of  the  base  or  edges  of  the 
ulcer.  The  base  is  smooth,  and  is  usually  formed  of  the 
submucous  or  muscular  coat  of  the  intestine.  The  edges 
are  thin  and  undermined,  and  consist  of  a  well-defined 
fringe  of  congested  mucous  membrane.    (Fig.  97.)  This 


Fig.  97. 


A  ttjphoid  Ulcer  of  the  Intestine  {diagrammatic).  Show- 
ine:  the  undermined  edges  of  the  ulcer,  and  the  slough  still 
adherent,  a.  Epithelial  lining.  b.  Submucous  tissue, 
c.  Muscular  coat.    d.  Peritoneum. 

is  best  seen  when  the  gut  is  floated  in  water.  In  some 
cases,  however,  the  sloughing  extends  deeper  through  the 
muscular  layer  to  the  sub-peritoneal  tissue,  and  it  may 
thus  cause  perforation  and  peritonitis. 

The  third  stage  of  the  process  is  that  of  cicatrisation. 
This  takes  place  by  the  resolution  of  the  peripheral  infil- 
tration, the  approximation  and  union  of  the  undermined 
edo'es  with  the  floor  of  the  ulcer,  and  the  gradual  forma- 
tion from  the  margin  of  an  epithelial  covering.  The 
gland-structure  is  not  regenerated.    The  resulting  cica- 
trix is  slightly  depressed,  and  less  vascular  than  the 
surrounding  mucous  membrane.    There  is  no  puckering 
or  diminution  in  the  calibre  of  the  gut.    In  some  cases, 
however,  cicatrisation  does  not  take  place  so  readily,  and 
the  floor  of  the  ulcer  becomes  the  seat  of  a  secondary 
ulceration.   This  usually  takes  place  after  the  general 
disease  has  run  its  course,  or  during  a  relapse.  Profuse 
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hasmorrhage  and  perforation  more  commonly  result  from 
the  secondary  ulceration  than  from  the  primary  sloughing 
of  the  glands. 

The  Mesenteric  Glands. — The  change  in  the  mesenteric 
glands  is  probably  secondary  to  that  in  the  intestine. 
These  glands  become  the  seat  of  an  acute  cellular  infil- 
tration, and  are  enlarged,  soft,  and  vascular.  They 
usually,  like  many  of  the  glands  in  the  intestine  and  the 
Bpleeu,  undergo  a  gradual  process  of  resolution.  In  rare 
cases,  however,  the  capsule  of  the  gland  is  destroyed, 
•  and  the  softened  matters  may  escape  into  the  peritoneal 
cavity  and  so  cause  peritonitis.  The  enlarged  glands 
may  also  become  caseous,  and  subsequently  calcify. 


CHAPTER  XXXVI. 


INFLAMMATION  OF  MUCOUS  MEMBEANES. 

In  mucous  membranes  inflammatory  processes  are  di- 
vided into  catarrhal,  fibrinous,  and  croupous,  inflamma- 
tions. .  . 
Cat^khal  Inflammation.— Catarrhal  inflammation, 

or  as  it  is  more  commonly  called  catarrh,  is  much  the 
more  frequent.    In  its  milder  fbrms  this  is  characterised 
mainly  by  an  increased  secretion  of  mucus.    The  initial 
hyperemia  of  the  membrane  is  f  oUowed  by  an  abnormal 
production  of  epithehal  and  mucous  elements.  The  liquid 
which  transudes  from  the  blood-vessels  is  more  abundant, 
the  small  spherical  cells  which  constitute  the  mucus- 
corpuscles  are  produced  with  increased  rapidity,  and  the 
result  is  an  increased  secretion  of  mucus,  rich  in  cellular 
elements.    These  young  cells  are  most  of  them  emigrant 
blood-corpuscles,  others  are  produced  within  the  epithe- 
lial cells  by  endogenous  multiphcation.    As  the  process 
continues,  many  of   the  epitheHal   elements  becoine 
loosened  and  are  discharged  with  the  mucus,  and  within 
these  groups  of  bodies  may  occasionally  be  seen,  which 
are  evidently  young  mucus-corpuscles.    (Fig.  98.)  The 
secretion  of  the  mucous  glands  is  also  increased.  Owing 
to  these  changes,  the  mucous  membrane  becomes  swelled 
and  abnormally  vascular.    The  increased  vascularity  is 
evidenced  by  redness  during  life,  but  after  death  the 
blood  usually  passes  out  of  the  vessels,  and  the  mem- 
brane may  look  paler  than  natural. 

If  the  inflammation  be  more  severe,  the  vascular  phe- 
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nomena  are  more  marked,  the  production  of  young 
elements  is  more  rapid,  they  are  smaller  and  not  so  well 


Fig.  98. 


Catarrhal  Inflammation  of  the  Conjunctiva,  a.  Epithelium. 
b.  Sub-epithelial  connective  tissue.  Showing  the  prolifera- 
tion of  the  epithelium,  and  the  origin  of  the  young  elements 
within  the  epithelial  cells.  (Eindfleisch.) 


developed,  the  epithelium  loosens  and  falls  off  more 
readUy,  and  the  secretion  becomes  puriform  from  the 
great  number  of  cellular  elements  which  it  contains. 
Many  of  these  elements  are  indistinguishable  from  pus- 
corpuscles,  others  are  somewhat  larger  and  resemble  the 
corpiiscles  of  normal  mucus.  Between  the  corpuscles  of 
mucus  and  pus  there  is  no  line  of  demarcation,  the  one 
passing  by  insensible  gradations  into  the  other.  The 
former  are  somewhat  larger  and  more  regular  in  shape 
than  the  latter,  and  usually  contain  only  a  single  nucleus. 
As  the  process  continues  the  sub -epithelial  tissue  is  gra- 
dually involved,  and' becomes  infiltrated  with  small  cells. 
Owing  to  the  loss  of  epithelium,  the  surface  of  the 
membrane  may  at  the  same  time  become  more  or  less 
irregular,  and  present  numerous  irregular  abrasions  or 
ulcers. 

These  changes  in  the  mucous  membrane  itself  are 
accompanied  by  inflammation  of  the  lymphatic  structures 
which  it  contains.    The  lymph-follicles  become  enlarged. 
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Their  contents  may  soften  and  form  a  minute  pseudo- 
abscess,  and  this  bursting  gives  rise  to  a  small  ulcer 
These  are  the  folUcular  ulcers  so  often  seen  m  catarrhal 
conditions  of  the  intestines  and  pharynx.  The  ulcera- 
tion in  some  cases  extends  beyoad  the  confines  of  the 
foUicle.  The  proper  glandular  structures  may  also 
become  involved.  Their  epithelium  multiplies,  the  glands 
become  choked  with  the  epithelial  elements,  and  they 
may  subsequently  atrophy.  This  is  seen  m  catarrh  of 
the  stomach. 

The  acute  process  may  quickly  subside,  or  it  may 
become  chronic.  In  the  latter  case  the  vascularity 
diminishes,  but  the  multiplication  of  the  epithelial  ele- 
ments continues,  and  the  sub-epithelial  tissue  becomes 
more  extensively  infiltrated  with  small  ceUs.  The  mucus 
thus  becomes  thicker  and  more  puriform  in  character. 

Chronic  catarrhal  inflammations  of  mucous  membranes 
differ  from  the  acute,  inasmuch  as  the  sub-epithelial 
connective  tissue  is  much  more  extensively  involved. 
This  tissue  becomes  infiltrated  with  small  elements, 
which  may  ultimately  form  a  more  or  less  completely 
fibrillated  structure.    The  membrane  thus  becomes  in- 
durated and  thickened,  and  the  pressure  exercised  by 
the  new  tissue  may  induce  atrophic  changes  in  the  glan- 
dular structures  which  it  contains  ;  by  preventing  the 
exit  of  their  secretion  it  may  also  cause  them  to  dilate  so 
as  to  form  cysts.    This  atrophy  of  the  proper  glandular  ' 
structures  is  seen  in  chronic  catarrh  of  the  stomach. 
These  changes  in  the  sub-epithelial  connective  tissue  are 
usually  accompanied  by  enlargement  of  the  lymphatic 
structures,  an  enlargement  which  sometimes  gives  to  the 
membrane  a  nodular  or  granular  appearance.    This  is 
well  seen  in  the  pharynx  (follicular  pharyngitis).  The 
enlarged  lymphatic  structures  may  also  constitute  the 
starting-points  of  an  ulcerative  process.    (See  "Tuber- 
culosis of  Mucous  Membranes.")    In  some  situations,  as 
the  stomach  and  intestine,  the  membrane  often  at  the 
same  time  becomes  deeply  pigmented. 

x2 
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Fibrinous  and  Oboupous  Inflammations. — The  terms 
fibrinous  and  croupous,  as  applied  to  inflammations  of 
mucous  membranes,  have  in  this  country  usually  been 
regarded  as  synonymous,  and  have  been  employed  to 
designate  those  inflammations  which  lead  to  the  produc- 
tion of  a  so-called  false  membrane — such  as  is  seen,  for 
example,  in  true  croup.  According  to  Dr.  E.  Wagner, 
and  some  other  continental  observers,  however,  fibriaous 
and  croupous  inflammation  must  be  regarded  as  consti- 
tuting distinct  varieties.  Fibrinous  inflantmations  are 
those  intense  forms  of  inflammation  in.  which  the  exuded 
inflammatory  liquids  contain  a  large  proportion  of 
coagulable  material,  so  that  they  form  a  kind  of  mem- 
branous layer.  They  occur  as  the  result  of  severe 
injuries  of  the  mucous  membrane,  such  as  are  occasionaUy 
met  with  in  children  from  attempts  to  drink  out  of  a 
vessel  containing  boiling  water.  Croupous  inflammations, 
on  the  other  hand,  according  to  these  .  observers,  are 
characterised  mainly  by  a  peculiar  metamorphosis  of  the 
epithelial  cells,  which  become,  enlarged,  and  are  then 
converted  into  a  kind  of  fibrinous  material.  They  occur 
in  croup  and  diphtheria.  This  distinction  between  fibri- 
nous and  croupous  inflammation,  however,  has  at  present 
met  with  but  partial  acceptance  in  this  country.  The 
two  ajDpear  to  be  closely  allied ;  and  the  formation  of  the 
membranous  layer  is  probably  often  due  partly  to  the 
coagulable  inflammatory  liquids,  and  partly  to  mucoid, 
or  to  some  similar  metamorphosis  of  the  epitheUal 
elements. 

CB.OXJP. 

In  croup,  the  inflammatory  process  at  its  commence- 
ment is  simply  a  severe  catarrhal  one,  consisting  in  an 
increase  in  the  vascularity  of  the  membrane,  together 
with  an  exudation  of  liquor  sanguinis  and  blood- 
corpuscles,  and  proliferation  of  the  epithelial  elements. 
This  is  quickly  followed  by  the  production  of  a  mem- 
branous layer  upon  the  surface  of  the  tissue,  usually 
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known  as  tlie  false  memlrane.    This  membrane  varies 
considerably  in  consistence,  being  in  some  cases  firm  and 
tougli,  in  otters  soft  and  pultaceous.     It  can  readily 
be  removed  from  the  subjacent  tissue,  and  after  its  re- 
moval, the  mucous  membrane  is  left  partially  deprived 
of  its  epithelium.    If  the  inflammatory  process  subsides 
the  epithelium  is  reproduced  and  the  part  returns  to  its 
normal  condition  ;  but  if  it  continues,  a  fresh  false  mem- 
brane is  formed.    As  the  inflammation  extends  down- 
wards into  the  trachea  and  bronchi,  a  gradual  transition 
may  usually  be  observed  from  croupous  to  catarrhal  in- 
flammation.   In  the  npper  part  of  the  air  passages, 
where  the  process  is  most  intense,  the  false  membrane 
exists,  but  in  passing  downwards,  where  it  becomes 
less  severe,  the  mucous  membrane  is  simply  coated  with 
mucus. 

Eespecting  the  nature  of  the  false  membrane,  as  already 
stated,  opinions  differ.    When  examined  microscopically, 
it  is  seen  to  consist  of  a  finely  fibriUated  and  deUcate 
network  of  homogeneous  material,  enclosing  in  its  meshes 
numerous  leucocytes  and  epithehal  cells.    This  fibriUated 
network  has  been  commonly  supposed  to  be  produced  by 
the  coagulation  and  fibrillation  of  the  inflammatory 
exudation  liquids,  but  according  to  Wagner  and  others 
it  is  mainly  due  to  changes  in  the  epithelium.  The 
smaller  cells  which  are  enclosed  in  its  meshes  are  doubt- 
less principally  escaped  blood-corpuscles;  the  larger 
epithelial  elements,  which  are  much  less  numerous,  are 
those  belonging  to  the  mucous  membrane. 

Micrococci  appear  to  be  constantly  present  in  the 
croupous  membrane,  and  also  in  that  of  diphtheria. 
They  are  usually  found  as  colonies  of  globular  organisms 
in  the  upper  layers  of  the  membrane.  Whether  they 
are  essential  or  merely  accidental  is  at  present  uncertain. 
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DIPHTHERIA. 

It  is  impossible  in  most  cases  to  draw  any  line  of 
demarcation  between  tbe  histological  changes  occurring 
in  diphtheria  and  those  of  croup,  and  it  must  be  borne  in 
mind  that  by  many  these  diseases  are  regarded  as 
identical.  In  diphtheria,  however,  there  is  often  some 
cellular  infiltration  of  the  submucous  tissue,  and  the 
false  membrane  is  less  readily  removed.  The  circulation 
also  sometimes  becomes  so  much  interfered  with,  that 
portions  of  the  tissue  lose  their  vitality,  and  large  ash- 
coloured  sloughs  are  formed,  which  after  removal  leave  a 
considerable  loss  of  substance. 

DYSENTERY. 

The  inflammatory  processes  occurring  in  the  intestine 
in  dysentery  are  for  the  most  part  limited  to  the  large 
intestine,  although  the  ileum  is  also  occasionally  involved. 
The  inflammation  is  always  most  mai-ked  in  the  rectum 
and  descending  colon,  and  it  may  be  stated  generally, 
that  it  is  characterised  by  the  ulceration  and  sloughing 
of  the  membrane  to  which  it  gives  rise. 

The  intestinal  changes  vary  considerably,  according  to 
the  intensity  of  the  inflammatory  process.  In  the  milder 
forms  of  the  disease  the  changes  are  most  marked  on  the 
summits  of  the  folds  of  the  mucous  membrane.  These 
are  found  covered  with  a  greyish- white  layer  of  fibrinous- 
looking  material,  which,  when  scraped  off",  leaves  a 
superficial  loss  of  substance.  The  mucous  membrane 
generally  is  hyperaemic  and  softened.  The  submucous 
tissue  is  also  infiltrated  with  inflammatory  products,  and 
the  solitary  glands  are  enlarged  and  prominent. 

Wben  the  process  is  more  severe,  the  submucous  tissue 
becomes  more  extensively  involved,  and  the  superficial 
layer  of  fibrinous  material  extends  over  wider  areas  and 
implicates  more  deeply  the  mucous  membrane.  The 
thickening  of  the  intestinal  wall,  however,  is  much  greater 
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in  some  parts  than  in  others,  so  that  projections  are  pio- 
duced  upon  the  inner  surface  of  tl^^^  -^^-^J-'.^^" 
sponding  with  those  parts  which  are  the  most  affected 
T^he  enlarged  solitary  glands  usually  slough,  and  so  gxv 
rise  to  cii-cular  ulcers,  which  rapidly  increase.  When  the 
process  has  reached  this  stage,  the  muscular  and  serous 
coats  are  implicated,  the  latter  hemg  covered  with  layers 
of  fibrin  which  form  adhesions  with  adjacent  parts,  me 
intestine  is  much  dilated,  and  contains  hlooa  and  dism- 
teo-rating  inflammatory  products.  .  . 

In  the  most  intense  forms  of  the  disease,  the  necrosis  is 
more  extensive.  According  to  EoHtansky,  large  portions 
of  the  mucous  membrane  are  converted  into  black  rotten 
slou-hs.  The  submucous  tissae  is  infiltrated  with  dark 
blood  and  serum,  but  subsequently  it  becomes  the  seat  of 
a  reactive  suppurative  inflammation,  by  means  of  which 
the  necrosed  portions  of  tissue  are  removed. 

If  death  does  not  occur  and  the  inflammatory  process 
subsides,  the  ulcers  may  gradually  heal.  When  the  loss 
of  substance  has  not  been  considerable,  the  edges  of  the 
ulcers  may,  by  the  contraction  of  the  submucous  tissue, 
become  completely  approximated.  More  commonly, 
however,  the  loss  of  substance  is  so  great  that  portions 
of  the  membrane  are  left,  consisting  simply  of  connective 

When  the  inflammatory  process  becomes  chronic,  the 
changes  in  the  submucous  connective  tissue  become  more 
marked,  and  the  new  flbroid  growth  gives  rise  to  con- 
siderable thickening  and  induration  of  the  intestinal  wall, 
and  to  more  or  less  contraction  and  narrowing  of  the 
cavity.  Sometimes  it  forms  fibrous  bands  which  project 
into  the  gut.  The  formation  of  abscesses  and  fistulous 
passages  occasionally  occurs  in  the  thickened  intestinal 
wall. 


CHAPTER  XXXVII. 


INFLAMMATION  OF  SEEOUS  MEMBEANES. 

Inflammatory  processes  in  serous  membranes  vary  in 
their  intensity,  and  in  tte  amount  and  character  of  the 
effusion. 

The  process  commences,  as  in  mucous  membranes, 
with  hypersemia,  exudation  of  liquor  sanguinis  and  emi- 
gration of  blood-corpuscles,  together  with  increased 
activity  of  the  endothelial  elements.    The  endothelial 


Fig.  99. 


Inflamed  Epiploon  of  a  JRahbit.  Sliowing  the 
endogenous  proliferation  of  the  endothelium. 
X  250.    (Cornil  and  Eanvier.) 

cells  enlarge  and  become  more  granular,  their  nuclei 
divide,  and  new  elements  are  formed  by  endogenous 
multiplication.  (Fig.  99.)  The'  number  of  new  cells 
which  are  thus  produced,  together  with  some  of  the 
older  cells,  and  a  large  number  of  emigrant  blood-cor- 
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pnscles,  escape  with  the  exuded  li<l-«\f  ^^^^J'^^^ 
the  serous  cavity,  where  they  may  probably  continue  to 
exhibit  their  formative  activity.  ^pf^^ril 
Owing  to  these  changes  the  membrane  loses  its  natural 
smooth  and  glistening  appearance,  --^^^''^'I'^tthe 
roughened,  and  exceedingly  vascular.    Its  ^^^^^^^ 
same  time  becomes  covered  with  a  fibrinous  layer,  and 
more  or  less  liquid  transudes  mto  its  cavity  ihe 
coagulable  material  which  exudes  from  the  vessels  forms 
a  soft,  elastic,  membranous,  or  reticulated  investment. 

Fig.  100. 


Inflammation  of  the  Diaphragmatic  Pleura  Show- 
ing Ihe  adherent  fibrinous  layer,  a.  Muscular  coat  of 
dilphragm.  b.  Sub-serous  tissue,  c  Serous  mem- 
brane    e.  Fibrinous  layer.    x  400.  (Emdfleisch.) 

enclosiao-  in  its  meshes  numerous  small  cells.  This 
either  o^lues  the  two  surfaces  of  the  membrane  together, 
or  if  they  are  separated  by  liquid  effusion,  forms  a 
slightly  adherent  layer.  (Fig.  100.)  The  exuded  liquid 
varies  considerably  in  amount  and  is  always  turbid, 
thus  differing  from  non-inflammatory  effusions.  It  con- 
tains flakes  and  masses  of  coagulated  fibrin  and  innu- 
merable cell-structures,  the  latter  being  in  the  earliest 
stages  of  the  process  almost  entirely  emigrants. 

The  nature  of  the  subsequent  changes  will  depend  upon 
the  intensity  of  the  inflammation,  and  upon  the  amount 
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of  liquid  exuded  into  the  serous  cavity.  If  the  inflam- 
matory process  subsides,  and  the  liquid  exuded  is  not 
sufficient  to  prevent  the  two  surfaces  of  the  membrane 
from  coming  into  contact,  they  grow  together  and  form 
an  adhesion.  This  constitutes  the  so-called  adhesive 
inflammation.  The  union  is  effected  by  the  formation  of 
connective  tissue.  The  small  round  cells  imbedded  in  the 
fibrinous  layer  become  elongated  and  spindle-shaped,  the 
fibrinous  material  fibrUlates,  and  numerous  new  vessels 
are  formed.  Many  of  the  latter  atrophy  and  disappear 
as  the  organisation  becomes  complete.  The  process  is 
thus  precisely  similar  to  that  which  takes  place  in  the 
union  of  an  incised  wound.  It  is  probable  also  that  in 
some  cases  union  may  take  place  without  the  intervention 
of  any  fibrinous  layer,  by  the  formation  and  growing  to- 
gether of  irregular  papillary  outgrowths  from  the  sub- 
endothelial  tissue. 

If,  however,  the  inflammatory  process  is  severe,  or  the 
surfaces  of  the  membrane  are  separated  by  a  large  quan- 
tity of  liquid  eflfusion,  organisation  and  adhesion  cannot 
be  thus  readily  efi'ected.  If  a  large  quantity  of  liquid 
exists  in  the  serous  cavity,  the  removal  of  this  becomes 
necessary  before  union  can  take  place.  If  the  inflamma- 
tory process  continues,  or  its  severity  is  great,  union  is 
prevented  by  the  formation  of  pus.  These  two  conditions 
must  be  considered  separately. 

The  existence  of  a  large  amount  of  efiusion  interferes 
with  the  adhesion  of  the  serous  surfaces,  and  before  this 
can  be  effected  the  absorption  of  the  liquid  becomes 
necessary.  In  some  cases  this  occurs  very  rapidly,  and 
it  is  probably  greatly  facilitated  by  the  new  blood-vessels 
which  are  produced  in  the  fibrinous  layer.  Frequently, 
however,  the  process  is  more  prolonged,  and  the  sub- 
endothelial  connective  tissue  becomes  involved  before  ab- 
sorption takes  place.  When  this  is  the  case  the  connec- 
tive tissue  of  the  serous  membrane  becomes  infiltrated 
with  small  cells,  which  form  a  granulation-tissue  beneath 
the  layer  of  proliferating  endothelium.    The  endothelium 
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itself  gradually  becomes  less  abundant,  and  fibrinous 
exudation  undergoes  fatty  changes  bquei^^^^^^ 
new  granulation-tissue  becomes      ^^^^^^^^^^  ^^f^^' 
tbrirmation  of  numerous  blood-vessels,  and  if  tbe  m 
flammation  subsides,  it  g-^lually  develops  .nto^-^^^^^^ 
tive  tissue,  and  thus  a  false  membrane  -  f-^^^' ^ 
vessels,  wbicb  takes  tbe  place  of  ttejndotbebal  l^yj. 
As  tbe  liquid  is  absorbed,  the  two  surface  of  tt^Jiem 
brane  come  into  contact  and  grow  together,  the  new 
vessels  becoming  gradually  obliterated  . 

If  the  inflammatory  process  does  not  ^-^^^^^  '  ^^  ^^ 
its  commencement  is  of  considerable  severity,      mjiy  be 
attended  by  the  formation  of  large  quantities  of  pus.  in 
tH   case  the  emigration  of  blood-corpuscles  is  so  con- 
fer ble  that  the'young  elements  exist  in  1-ge -ou^^^ 
numbers  to  give  to  the  exuded  liquids  a  l-^l^nt  cha 
racter    The  condition  is  then  termed  empyema.    As  tJae 
conne;tive  tissue  becomes  involved  and  a  gJ-^-lf 
tissue  is  formed,  this  may  continue  to  generate  pus  like 
an  ordinary  granulating  wound.    If  the  pus  be  remold, 
the  suppuration  may  gradually  cease,  the  g---l-^-- 
tissue  develop  into  a  fibrous  structure,  and  the  union 
of  the  serous  surfaces  thus  be  effected.     The  serous 
membrane  becomes  greatly  thickened,  and  the  new  tissue 
undergoes  considerable  contraction  in  the  process  of  its 
organisation. 


CHAPTER  XXXVIII. 


INFLAMMATION  OF  THE  LIVEE. 

Inflammatory  processes  in  the  liver  are  eitHer  acute  or 
chronic.  Acute  inflammations,  leading  to  suppuration, 
are  usually  infective  in  their  nature,  resulting  from  the 
transmission  of  infective  materials  from  inflammatory 
lesions  in  the  abdominal  organs  or  in  other  parts.  The 
processes  are  consequently  most  frequently  disseminated 
and  confined  to  small  portions  of  the  hepatic  substance. 
The  pus-corpuscles — which  usually  accumulate  so  as  to 
form  an  abscess- — are  almost  entirely  emigrants,  although 
recent  investigations  render  it  highly  probable  that  they 
may  also  originate  by  the  endogenous  proliferation  of  the 
liver-cells. 

These  suppurative  inflammations  are  in  the  majority 
of  cases  pyasmic,  and  when  pysemic  they  are  usually  mul- 
tiple. Hepatic  abscess  is  also  not  unfrequently,  in  tropi- 
cal climates,  associated  with  dysentery.  Here  the  abscess 
is  commonly  single,  and  it  probably  results  from  the  ab- 
sorption of  infective  substances  from  the  diseased  intes- 
tine. As  other  causes  of  hepatic  abscess  must  be  men- 
tioned, inflammation  of  the  bile-ducts,  such  as  sometimes 
results  from  gall-stones,  &c. ;  and  external  violence. 

Chronic  inflammatory  processes  in  the  liver,  being  of 
much  less  intensity,  lead  to  a  gradual  increase  in  the 
connective  tissue  of  the  organ,  and  consequently  to  indu- 
ration and  to  the  subsequent  atrophy  of  its  proiDer  struc- 
ture. They  constitute  what  is  known  as  interstitial 
hepatitis,  or  more  commonly  as  cirrhosis. 
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Oil-rliosis  of  the  liver,  or  interstitial  hepatitis,  is  charac- 
terised bya  gradnal  increase  in  the  connective  tissue  ol  tlie 
organ  and  by  the  subsequent  atrophy  of  the  liver-cells  so 
that  when  examined  with  a  low  magnifying  power,  the 
acini  are  seen  to  be  separated  by  broad  tracts  of  new  in- 
terstitial growth.    (Fig.  101.) 

Fm.  101. 


Cirrhosis  of  the  Liver.  Showing  the  growth  of  con- 
nective tissue  between  the  hepatic  lobules,  a.  Lobules. 
b.  New  growth  of  interlobular  connective  tissue,    x  lb. 

The  process  usually  commences  in  the  connective  tissue 
surrounding  the  smaller  branches  of  the  portal  vein,  and 
gradually  extends  to  that  surrounding  the  larger  ones, 
until  ultimately  the  connective  tissue  throughout  the 
whole  organ  may  become  involved.    This  tissae  becomes 
infiltrated  with  small  round  cells,  from  which  are  pro- 
duced a  more  or  less  completely  fibrillated  structure,  con- 
taining in  the  earlier  stages  of  its  development  numerous 
new  blood-vessels,  which  are  supplied  by  branches  of  the 
hepatic  artery.    The  change  is  sometimes  uniform,  but 
more  commonly  it  is  much  more  advanced  in  some  parts 
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tlian  in  others.  In  many  places  tlie  new  tissue  consists 
almost  entirely  of  cells,  wMlst  in  otliers  the  fibrillation 
is  much  more  marked ;  and  if  the  process  lasts  long 
enough,  the  vascular  and  richly- cellular  growth  gra- 
dually assumes  the  characters  of  cicatricial  tissue,  the 
vessels  at  the  same  time  becoming  obliterated.  (See 
Fig.  84.) 

Fig.  102. 


Cirrhosis  of  the  Liver.  A  thin  section  from  the  ex- 
ternal portion  of  one  of  the  hepatic  lobules.  Showing 
the  new  growth  of  connective  tissue,  and  the  way  in 
which  it  involves  the  intercellular  network  and  causes 
atrophy  of  the  liver-cells,    x  200. 


The  effect  of  the  new  growth  is  ultimately  to  cause 
atrophy  of  the  hepatic  cells,  and  to  obstruct  the  circula- 
tion through  the  portal  capillaries  and  the  jjassage  of  bile 
through  the  bile-ducts.  This  eflfect  is  materially  increased 
by  the  process  of  contraction  which  the  new  tissue  under- 
goes. The  hepatic  cells  in  the  outer  zone  of  the  lobules 
are  the  first  to  atrophy  ;  the  new  tissue  insinuating  itself 
between  them,  so  as  to  gradually  involve  the  intercellular 
network.  (Fig.  102.)  The  cells  then  become  smaller  and 
undergo  fatty  metamorphosis;  and  ultimately  they  are 
completely  destroyed.  Those  in  the  central  parts  of  the 
lobule  are  in  the  earlier  stages  but  little  altered,  although 
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they  are  often  stained  with  bile.  As  the  growth  extends, 
however,  these  also  become  annihilated,  and  the  whole  . 
lobule  may  be  replaced  by  connective  tissue.  T^e  cells  in 
the  outer  part  of  the  lobules  are  sometimes  infiltrated  witb 
fat  prior  to  their  destruction,  the  cirrhosis  being  asso- 
ciated with  fatty  infiltration.    (See  Fig.  8.) 

The  obliteration  of  the  portal  capillaries  by  the  new 
tissue  gives  rise  to  ascites,  hsematemesis,  diarrhoea,  en- 
largement of  the  spleen,  and  to  the  other  results  ot  portal 
congestion.  Obstruction  of  the  bile-ducts,  although  it 
may  cause  staining  of  the  hepatic  substance,  is  rarely 
such  as  to  interfere  with  the  passage  of  the  bile  mto  the 
intestine,  and  hence  there  is  usually  but  little  general 
jaundice. 

Physical  characters.— The  physical  characters  ot  the 
cirrhosed  liver  vary.    In  the  earlier  stages  of  the  disease 
the  organ  is  probably  always  more  or  less  increased  in 
size ;  the  enlargement  being  almost  uniform,  and  the  edge 
rounded  and  thickened.    In  some  cases  this  enlargement 
is  considerable,  and  there  is  but  little  subsequent  atrophy 
.and  contraction,  the  organ  being  found  large  and  com- 
paratively smooth  after  death.  More  commonly,  however, 
atrophy  and  contraction  constitute  marked  features  in  the 
disease,  and  the  hver  is  small,  presenting  an  irregular 
nodular  surface. 

Eespecting  the  causes  of  these  diflPerences  in  the  altera- 
tions which  the  liver  undergoes  as  a  consequence  of  the 
interlobular  growth — we  are  at  present  unable  to  speak 
certainly.    They  probably,  however,  depend  in  great 
measure  upon  diflferences  in  the  age  of  the  growth,  and 
in  its  distribution.    In  the  large  livers  the  growth  is 
usually  richly  cellular  and  very  generally  distributed; 
whilst  in  the  smaller  nodular  forms  of  cirrhosis  it  is 
commonly  more  fibrous  and  less  cellular  in  character, 
and  its  distribution  is  more  partial.    It  is  probable  that 
in  the  larger  livers  the  growth  is  in  an  earlier  stage  of 
development,  and  that  if  the  patient  had  lived,  the  organ 
would  have  diminished  in  size.    When  the  growth  is 
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irregularly  distributed  it  necessarily  causes  more  irre- 
gularity in  the  configuration  of  the  liver  than  when  the 
distribution  is  more  uniform. 

The  cirrhosed  liver  is  always  increased  in  consistence. 
It  breaks  down  less  readily  under  the  finger,  and  is  often 
exceedingly  firm  and  tough.  On  section,  the  new  tissue 
is  visible  to  the  naked  eye  surrounding  the  lobules  and 
in  many  parts  completely  replacing  them.  This  gives 
to  the  cut-surface  a  mottled  granular  appearance,  the 
lobules  themselves  contrasting  with  the  new  interlobular 
tissue ;  and  this  appearance  is  sometimes  increased  by 
fatty  infiltration  of  the  cells  in  the  peripheral  zone.  The 
capsule  also  maybe  thickened,  and  the  organ  is  frequently 
stained  with  bile. 

ACUTE  YELLOW  ATKOPHY. 

This  exceedingly  rare  disea.se  of  the  liver  is  charac- 
terised by  a  rapid  diminution  in  its  size,  and  by  destruc- 
tion of  the  hepatic  cells.  The  organ  may,  in  the  course 
of  a  few  days,  be  reduced  to  less  than  half  its  natural 
bulk,  being  especially  diminished  in  thickness.  It  is  soft 
and  flabby  in  consistence,  bloodless,  and  of  a  dull  yellow 
or  yellowish-red  colour.  The  lobules  are  indistinguish- 
able. When  examined  microscopically,  the  liver-cells  are 
found  to  be  completely  destroyed,  being  replaced  by 
granular  debris,  fat  granules,  and  pigment.  Tyrosia 
and  leucin  have  been  found  in  the  disiategrated  liver- 
tissue. 

The  pathology  of  this  disease  is  exceedingly  obscure. 
By  some  it  has  been  regarded  as  an  acute  inflammatory 
process,  by  others  as  a  passive  degeneration. 


CHAPTER  XXXIX. 

INFLAMMATION  OF  THE  KIDNEY. 

Inflammatory  processes  in  the  kidney  present  certain 
variations  according  to  their  intensity.    They  comprise 
suppuratwe,  tubal,  and  mterstitial  nephritis.    Of  these, 
suppurative  nephritis,  as  the  name  implies,  is  an  intense 
inflammation  leading  to  the  formation  of  abscess.  This 
usually  results  from  the  transmission  of  infective  ma- 
terials from  some  primary  lesion  (pyasmic),  or  it  is  asso- 
ciated with  some  inflammatory  condition  of  the  tirinary 
passages.    Tubal  nephritis  is  also  an  inflammation  of 
considerable  intensity,  aad  in  it  the  structural  changes 
have  their  principal  seat  in  the  tubular  epithelium. 
Interstitial  nephritis  is  an  inflammatory  process  which 
runs  a  more  chronic  course,  and  is  of  less  intensity  than 
either  of  the  preceding.    Consequently  in  it  the  principal 
structural  changes  take  place  in  the  connective  tissue 
around  the  blood-vessels — in  the  intertubular  connective 
tissue.    (See  "  Chronic  Inflammations.")    It  must,  how- 
ever, be  distinctly  borne  in  mind  that  these  two  varieties 
of  histological  changes — those  in  the  tubular  epithelium 
and  those  in  the  intertubular  connective  tissue — are  very 
constantly  associated.    Tubal  and  interstitial  nephritis 
cannot  therefore  be  separated  from  one  another  by  any 
distinct  line  of  demarcation.    They  might,  perhaps,  be 
more  correctly  designated  acute  and  chronic  nephritis. 

STJPPUBATIVE  NEPHRITIS. 

Acute  inflammatory  processes  in  the  kidney  attended 
by  the  formation  of  pus,  give  rise  to  renal  abscesses.  Such 
processes,  as  already  stated,  are  often  infective  in  their 
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nature,  resulting  from  the  transmission  of  infective  ma- 
terials from  some  primary  inflammatory  lesion,  as  in 
pyaemia ;  and  they  also  occur  in  connexion  with  inflam- 
matory conditions  of  the  urinary  passages.  In  the  latter 
they  constitute  what  is  commonly  known  as  the  "  Surgical 
Kidney." 

The  abscesses  met  with  in  the  kidney  as  the  result  of 
pyEBmia  are  principally  confined  to  the  cortex,  and  they 
resemble  pya^mic  abscesses  in  other  organs.  They  are 
usually  multiple,  and  are  often  surrounded  by  a  thin  zone 
of  red  hyperasmic  tissue.  Their  characters  will  be  more 
fuUy  described  in  the  chapter  on  embolism.  (See  "  Eesults 
of  Embolism.") 

Surgical  Kidney.— This  is  the  name  commonly  given 
to  those  inflammatory  conditions  of  the  kidney  which 
result  from  inflammation  of  the  urinary  passages.  These 
renal  inflammations  frequently  occur  in  association  with 
inflammation  of  the  pelvis  of  the  kidney,  such  as  is  pro- 
duced by  a  renal  calculus  ;  or  with  those  inflammatory 
changes  in  the  mucous  membrane  of  the  urinary  tract 
which  result  from  vesical  calculus,  urethral  stricture,  or 
enlargement  of  the  prostate.  In  addition  to  the  in- 
flammation of  the  urinary  passage  there  almost  invariably 
exists  some  impediment  to  the  escape  of  the  urine. 

The  changes  which  occur  in  the  kidney  vary.  When 
the  abnormal  condition  of  the  urinary  passages  has 
lasted  for  a  lengthened  period  it  is  exceedingly  liable  to 
give  rise  to  chronic  renal  changes,  which  are  charac- 
terised mainly  by  more  or  less  cellular  infiltration  of  the 
intertubular  connective  tissue.  ("  Interstitial  Nephritis.") 
THs  cellular  infiltration  occurs  both  in  the  pyramids 
and  cortex.  The  tubules  are  in  some  parts  found  blocked 
with  epithelium,  whilst  in  others  they  are  wasted  or 
obliterated.  The  walls  of  the  smaU  arteries  are  not 
thickened.  Owing  to  these-  changes,  the  kidneys- al- 
though at  first  they  may  be  enlarged-gradually  become 
diminished  in  size,  the  atrophy  being  probably,  m  most 
cases,  partly  due  to  the  pressure  exercised  by  the  re- 
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tained  urinary  secretion.  The  capsule  becomes  adherent 
and  thickened,  and  when  removed,  the  surface  of  the 
orcran  is  found  puckered  and  irregular. 

In  other  cases  the  process  is  much  more  acute,  the 
cellular  infiltration  of  the  intertubular  tissue  is  much 
more  abundant,  and  the  young  ceUs  (emigrants)  accu- 
mulate  in  certain  situations  in  snch  numbers  as  to  give 
rise  to  abscesses.    (Fig.  103.)    The  blocking  of  the  tnbes 

Fig,  103. 


Surgical  Kidney.  At  the  lower  part  of  the  figure  is  seen  the 
cellular  infiltration  of  the  mtertnhular  tissue,  and  the  blocking 
of  the  tubes  with  epithelium  aud  leucocytes.  At  the  upper 
part,  there  is  the  commencing  formation  of  an  abscess,    x  iUU. 

with  epithehum  is  then  more  marked,  and  many  of 
them  are  found  filled  with  the  emigrant  leucocytes. 
The  kidneys  in  such  cases  are  usually  enlarged,  pale, 
and  soft;  and  yellowish-white  patches  of  various  sizes 
are  seen  on  their  cut-surface.  Many  of  these  patches 
have  purulent  centres.  They  are  not  commonly  sur- 
rounded by  a  zone  of  red  hypersemic  tissue,  as  in 
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pygemia.  Yellowisli  lines  and  strise  are  also  often  seen 
extending  from  the  papillas  to  the  bases  of  the  pyramids. 
This  acute  suppurative  process  may  occur  independently 
of  the  more  chronic  lesions.  Much  more  commonly, 
however,  it  supervenes  in  kidneys  v?hich  have  already 
undergone  more  diffuse  interstitial  changes,  and  its  super- 
vention appears  not  unfrequently  to  be  determined  by 
the  performance  of  some  surgical  ojieration  in  connexion 
with  the  bladder  or  urethra. 

Eespecting  the  pathology  of  these  changes  in  the 
kidney — they  undoubtedly  result  from  the  inflammatory 
condition  of  the  urinary  passages,  and  the  impediment 
to  the  escape  of  the  urine  with  which  they  are  associated. 
As  to  the  manner  in  which  these  conditions  produce  the 
kidney  changes  we  are  unable  to  speak  certainly.  The 
simple  tension  due  to  the  urinary  impediment  is  in  itseK 
sufficient  to  cause  interstitial  changes.  Dr.  Dickinson 
believes  that  in  many  cases  the  changes  are  due  to  the 
absorption  of  septic  substances  contained  in  the  urine.* 
According  to  Mr.  Marcus  Beck,  reflex  irritation  of  the 
kidney  caused  by  injuries  of  the  bladder  from  calculus, 
operative  interference,  &c.,  is  often  an  important  causative 
element. 

TUBAL  NEPHRITIS. 

Tubal,  parenchymatous,  or  acute  nephritis  is  that  sub- 
acute inflammation  of  the  kidney  which  constitutes  the 
more  acute  form  of  Bright's  disease — that  form  which  is 
characterised  by  a  more  or  less  marked  beginning,  scanty 
and  highly  albuminous  urine,  and  dropsy.  In  its  more 
advanced  stages  it  is  the  large  kidney  of  chronic  Bright's 
disease. 

The  changes  which  take  place  in  the  kidney  have  their 
seat  mainly  in  the  cortex.  They  comprise  increased 
vascularity  and  exudation  into  the  urine  tubes,  and 
swelling  with,  probably,  proliferation  of  the  tubular 

*  Diclcinson,  on  "Disseminated  Suppuration  of  the  Kidney." 
Med.-Cbir.  Trans.,  vol.  Ivi. 
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epitlielium.  The  prominence  of  the  vascular  phenomena, 
however,  varies  very  considerably  in  different  cases 

In  the  most  acnte  cases  of  Bright's  disease-those 
which  are  induced  suddenly  from  exposure  to  cold,  the 
vascular  changes  are  marked.    In  these  cases  the  con- 
traction of  the  cutaneous  vessels  and  the  check  to  the 
function  of  the  skin  caused  by  the  chilHng  of  the  sur- 
face, lead  to  considerable  hyperemia  of  the  organs. 
There  is  abundant  exudation  into  the  urine-tubes,  many 
of  the  capillaries  at  the  same  time  frequently  rupture 
and  thus  there  is  an  escape  of  blood-corpuscles  and  of 
liquor  sanguinis  into  the  tubes  of  the  cortex  ;  hence  the 
blood  and  "blood-casts"  in  the  urine  which  are  so 
characteristic  of  the  early  stages  of  these  most  acute 
forms  of  the  disease.    In  this  stage  the  process  may 
quickly  subside,  and,  with  the  exception  of  some  swelhng 

Pig.  104. 


Tubal  Kephritis.  Tho  earlier  stage  of  the  process.  Show- 
ing the  swelling  of  tho  tubular  epithelium.  In  some  of  tho 
tubes  the  epithelium  has  fallen  out  during  the  preparatiou 
of  the  section,    x  2U0. 
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and  desquamation  of  the  tnbular  epithelium,  no  further 
alterations  take  place  in  the  kidney. 

In  the  less  acute  cases  the  vascular  phenomena  are 
much  less  marked,  and  the  i")rincipal  changes  take  place 
in  the  tubular  epithelium.  The  epithehal  elements  be- 
come swollen  and  granular.  (Fig.  104.)  The  granules, 
which  are  often  so  numerous  as  to  occlude  the  nucleus  of 
the  cell,  are  soluble  in  acetic  acid,  and  thus  differ  from 
molecular  fat.  This  is  tlie  condition  known  as  "  cloudy 
swelling."  Many  small  cells  are  also  seen  within  the 
tubes,  and  these  have  been  supposed  to  be  the  products  of 
epithelial  proliferation.  It  is  probable  that  some  of  them 
are  thus  produced,  although  the  majority  must  be  re- 
garded as  having  escaped  from  the  vessels.  Owing  to 
these  changes  the  tubes  become  distended  with  cellular 
elements.    (Fig.  105.) 

Fig.  105. 


Tvhal  Nephritis— a  Single  Urine  Tube.  Sho-ndng  the  accu- 
mulation withia  the  tube.  In  the  few  epithelial  cells 
which  have  escaped  is  seen  the  granular  condition  of  the 
protoplasm,    x  200. 

In  addition  to  the  cell-forms,  many  of  the  tubes  also 
contain  hyaline  cylinders,  which  are  commonly  regarded 
as  consisting  of  coagulated  substances  which  have  es- 
caped from  the  vessels.  By  many  pathologists,  however, 
this  hyaline  material  is  supposed  to  be  the  product  of  a 
mucoid,  or  some  allied,  metamorphosis  of  the  epithelium. 
The  cell-forms  contained  within  the  tubes  adhere  to  this 
hyaline  substance,  and  some  of  them  are  washed  away 


TUBAL  NEPHEITIS.  ^27 


•         mrine  as  "  epithelial  casts."    A  varying 

physical  0— s  0.  the  ^ t^s^t- 

L^^^,  a."  To^e  or  less  aW^^ 
"   The  capsule  separates  -^^^^^^^^^^^^^^^ 
fectly  smooth  but  vascular  suriace    The  consistence  is 
diminished,  the  tissue  breaking  with  a  Boft,  nabl^^^^^^^^ 
ture     On  section,  the  increase  m  the  size  of  the  organ 
^ seen  to  be  principally  due  to  the  increased  thickness  of 
fircortex    This  is  either  of  a  reddish-brown,  or  of  an 
taque  white  or  pale  buff  colour;  these  differences  de- 
Sng  upon  the'relative  proportion  of  blood  and  of  accu 
mXted  intra-tubular  elements.  Although  m  the  earhest 
"ta.e  of  he  most  acute  forms  of  the  disease  the  colour  is 
redder  than  natural,  it  usually  soon  becomes  pale  and 
opaque    This  is  owing  to  the  swelling  of  the  epithelial 
IZI  and  to  the  accumulation  in  the  cortical  tubes 
Ttrblood  becomes   expressed  from  the  mtertubula.- 
vessels  and  hence  the  increased  vascularity  is  most  evi- 
irtt  the  Malpighian  corpuscles  beneath  the  cap  side, 
and  in  the  pyramidal  portion  of  the  organ    The  Mal- 
pighian corpuscles  stand  out  as  promment  red  points, 
and  the  pyramidal  cones  are  of  a  deep  red  colour,  thus 
contrasting  strongly  with  the  pale  opaque  cortex. 

The  termination  of  the  process  varies.    The  increased 
vascularity  and  epithelial  change  may,  as  already  stated, 
subside,  and  the  inflammatory  products  passing  away  m 
the  urine,  the  organ  gradually  return  to  its  normal  condi- 
tion    In  other  cases  the  disease  continues ;  and  althougJi 
the  vascularity  diminishes,  the  vitality  of  the  epithehal 
elements  becomes  so  much  impaired  that  they  undergo 
retrogressive  changes.    The  cells  then  continue  to  come 
away  vvith  the  urine,  adherent  to  the  casts,  but  instead 
of  presenting  the  swelled  granular  appearance  as  m  the 
earlier  stage  of  the  disease,  they  contain  molecular  tat. 
This  fat  graduaUy  increases  in  amount  as  the  degenera- 
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tion  proceeds,  until  ultimately  tlie  cells  are  destroyed, 
aud  it  appears  as  free  molecules  and  granules  on  the 
tube-casts. 

This  fatty  degeneration  of  the  epithelium  is  attended 
by  corresponding  changes  in  the  appearance  of  the  organ. 
The  redness  diminishes,  and  the  Malpighian  corpuscles 
are  less  prominent.  The  enlarged  cortex  presents  a 
uniform  yellowish-white  tinge,  studded  with  minute 
yellowish  streaks.  This  is  owing  to  tbe  presence  of  fat  in 
the  tubes  of  the  cortex.  This  fatty  stage,  if  only  slightly 
advanced,  may  undoubtedly  pass  off.  The  degenerated 
cells  are  carried  away  by  the  urine,  fi-om  those  which 
remain  in  the  tubes  the  fat  is  probably  partially  absorbed, 
the  retrograde  process  gradually  ceases,  and  the  organ 
returns  to  nearly  its  normal  size  and  condition.  In  other 
cases  the  degeneration  continues,  and  owing  to  the  loss 
of  epithelium  th.e  kidney  becomes  somewhat  diminished 
in  size.  This  atrophy,  however,  I  believe  never  occurs 
without  changes  in  the  intertubular  connective  tissue. 

"WTien  the  inflammatory  process  is  of  longer  duration, 
or  when  the  kidneys  are  the  seats  of  repeated  attacks  of 
sub-acute  inflammation,  the  intertubular  connective  tissue 
invariably  becomes  involved.  This  tissue  becomes  infil- 
trated with  small  cells  which  ultimately  tend  to  form  a 
fibrillated  structure.  (See  Pig.  106.)  The  new  inter- 
tubular growth  may  gradually  increase,  and  so  lead  to 
more  or  less  irregular  atrophy  of  the  organ,  such  as  will 
be  described  as  occurring  in  interstitial  nephritis.  (See 
"Interstitial  Nephritis.")  In  other  cases  death  ensues 
before  any  marked  atrophy  has  taken  place,  and  thus  the 
organ  may  remain  smooth  and  large  to  the  termination  of 
the  disease.  The  intertubular  growth  is  sometimes  found 
thickly  studded  with  fatty  granules. 

ScAKLA-TiNAL  NEPHRITIS. — The  chauges  which  take  place 
in  the  kidney  in  scarlatina  have  usually  been  regarded  as 
precisely  similar  to  those  which  have  been  just  described 
as  tubal  nephritis.  Eecent  investigations,  however,  show 
that  this  view  requires  considerable  modification.    It  has 
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W  been  known  that  cases  of  scarlatina  sometimes  occur 
in  Ihich  the  kidney  change  differs  f-m  the  type  of  ordi- 
nary acute  nephritis  ;  but  it  is  only  during  the  P^f  J^^J' 
owing  to  the  Searches  of  Dr.  Klem,  that  any  exact  know- 
ledc^e  of  the  scarlatinal  kidney  has  existed.*  The  changes 
as  described  by  Dr.  Klem  may  be  thus  briehy  summa- 

"""^Threarhest  changes-those  occurring  during  the  first 
week  of  the  disease— comprise:—  e 

1.  Increase  of  the  nuclei  covering  the  glomeruli  ot  the 
Malpighian  corpuscles.  _       r    •  4. 

2  Hyaline  degeneration  of  the  elastic  mtima  of  minute 
arteries,  especially  of  the  afferent  arterioles  of  the  Mal- 
pighian corpuscles.  This  change  produces  a  swellmg  ot 
the  intima,  so  as  in  some  places  to  cause  a  distinct  nar- 
rowing of  the  lumen  of  the  vessel.  The  capillaries  of  the 
MalpigHan  corpuscles  are  in  parts  altered  in  the  same 
way,  in  consequence  of  which  many  of  them  become  im- 

^^^hese^marked  and  early  changes  in  the  Malpighian 
corpuscles  are  interesting,  as  helping  to  explain  those 
cases  which  are  occasionally  met  with,  m  which  death 
occurs  from  anuria  and  uremia,  and  no  catarrhal  or  other 
conspicuous  alterations  are  found  in  the  kidneys. 

3.  Multiplication  of  the  nuclei  of  the  muscular  coat  of 
the  minute  arteries,  and  a  corresponding  increase  in  the 
thickness  of  the  walls  of  these  vessels. 

4.  Cloudy  swelhng  of  the  epithelium  in  the  convoluted 
tubes,  with  multiplication  of  the  epithelial  nuclei.  _  Gra- 
nular' matter  and  even  blood  may  also  be  found  in  the 
tubes,  and  in  the  cavity  of  Bowman's  capsules.  These 
parenchymatous  changes  are  in  the  early  stages  of  the 
disease  but  little  marked. 

The  later  changes — those  occurring  after  the  first 
week,  consist  in  : — 

*  "The  Anatomical  Changes  of  the  Kidney  and  other  Organs  in 
Scarlatina  of  Man,"  by  Dr.  Klein.— rraws.  Path.  Soc.  Loud.,  1877. 
Vol.  xxviii. 
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6.  A  cellular  infiltration  of  tlie  intertubular  connective 
tissue  of  the  cortex  (interstitial  nephritis),  together  with 
an  increase  in  the  epithelial  changes,  and  a  crowding  of 
the  tubes  with  small  round  cells  (leucocytes).  The  cel- 
lular infiltration  commences  around  the  larger  vascular 
trunks,  whence  it  spreads  rapidly  into  the  bases  of  the 
pyramids,  and  especially  into  the  coi-tex.  As  it  increases 
the  epithelium  undergoes  fatty  degeneration,  and  the 
urine-tubes  gradually  become  obliterated. 

INTEUSTITIAL  NEPHRITIS. 

Interstitial  or  chronic  nephritis,  or,  as  it  is  sometimes 
called,  granular  degeneration  of  the  kidney,  is  that  more 
chronic  change  which  occurs  in  the  most  chronic  form  of 
Bright's  disease — chronicB right's  disease  with  contracted 
kidney.  The  process,  like  the  corresponding  one  in  the 
liver,  is  characterised  by  a  gradual  increase  of  the  con- 
nective tissue  of  the  organ,  and  by  atrophy  of  the  tubal 
structures.  Sometimes,  as  has  been  seen,  this  is  merely 
an  advanced  stage  of  tubal  nephritis.  More  commonly, 
however,  the  process  appears  to  be  very  chronic  from  its 
commencement,  and  not  to  be  preceded  by  any  marked 
vascular  phenomena  or  by  any  active  changes  in  the 
tubular  epithelium. 

The  first  change  in  the  kidney  appears  to  consist  in  a 
cellular  infiltration  of  the  intertubular  connective  tissue. 
In  the  earliest  stages  of  the  process  this  tissue  becomes 
infiltrated  with  small  round  cells.  (Pig.  106.)  If  the 
growth  is  rapid,  these  may  be  exceedingly  numerous,  and 
the  intercellular  substance  soft  and  amorphous.  Usually, 
however,  the  process  is  much  slower  and  more  insidious, 
the  cells  are  not  numerous,  and  the  new  tissue  is  more  or 
less  developed  into  a  fibrillated  structure.  This  is  the 
condition  in  which  it  is  usually  met  with.  These  changes 
are  almost  entirely  limited  to  the  cortical  portion  of  the 
kidney,  and  although  here  they  are  more  or  less  general, 
the  new  growth  is  more  abundant  in  some  parts  than  in 


INTEESTITIAL  NEPHEITIS. 


331 


others  being  usually  xuost  so  around  the  MalpigW 
bod  aud  in  the  neighbourhood  of  the  capsu  e,  with 
S  it  is  closely  united.  In  this  stage  the  tubes  and 
theii-  epithehum  ai-e  unaffected. 

Tig,  106. 


Interstitial  Nephritis.  The  earlier  stage  of  tb^  process. 
Showing  the  cellular  infiltration  of  the  mtertubular  con- 
nective tissue.  The  epithelium  has  fallen  out  of  some  of 
the  tubes  during  the  preparation  of  the  section,    x  2UU. 

In  this  early  stage,  the  kidney  may  be  somewhat  in- 
creased in  size,  the  capsule  usually  separates  less  readily 
than  in  health,  and  the  surface  of  the  organ  is  shghtly 
granular.    On  section,  the  cortical  substance  is  m  some 
cases  paler,  in  others  redder  than  natural.    The  cut-sur- 
face also  looks  obscurely  granular.  The  Malpighian  bodies 
stand  out  as  red  points,  and  the  bases  of  the  pyramids  and 
surface  of  the  organ  are  sometimes  hyperasmic.  The  con- 
sistence of  the  kidney  is  usually  slightly  denser  and 
tougher  than  natural.    This,  however,  will  vary  with  the 
character  of  the  new  growth,  as  will  also  the  increase  in  size 
and  the  irregularity  of  the  surface.   If  the  new  tissue  is 
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slowly  developed,  the  size  will  be  but  little  increased, 
whereas  the  increase  in  consistence  and  the  granular  con- 
dition will  be  more  marked.  If,  on  the  other  hand,  the 
process  be  more  rapid,  and  the  cellular  infiltration  more 
abundant,  there  will  be  a  greater  increase  in  the  size,  the 
granular  character  will  be  slight,  and  the  consistence  may 
be  even  softer  than  natural. 

The  second  stage  in  the  process  is  characterised  by  the 
atrophy  of  the  tubular  structures.  This  is  probably 
mainly  owing  to  the  pressure  exercised  by  the  intertubular 
growth,  and  to  the  cicatricial  contraction  which  it  often 
undergoes.  The  atrophy  consequently  is  not  uniform,  but 
is  more  marked  in  some  parts  than  in  others.  The  tubes 
are  now  found  in  many  parts  diminished  in  size,  or  com- 
pletely obliterated  ;  whilst  in  others  they  are  irregularly 

Fig.  107. 


Interstitial  Nephritis.  An  advanced  stage  of  the  process. 
Showing  tlie  intertubular  tissue  with  the  granular  and  fatty 
ddbris  which  result  from  the  degeneration,    x  K'O. 


dilated,  and  filled  with  degenerated  epithelial  products. 
Their  walls  are  usually  thickened.   As  the  atrophy  pro- 
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ceeds  the  intertxxbular  tissue  thus  becomes  mingled  mth 
the  granular  and  fatty  debris  which  results  from  the 
retrograde  process.  (Fig.  107.)  The  Malpxghian  bodies 
become  approximated,  and  the  secreting  structure  through- 
out large  tracts  of  the  kidney  is  destroyed.    (Fig.  lUa.) 

Fig.  108. 


■3 


Interstitial  Nephritis.  A  veiy  advanced  stage  of  tlie  process. 
Showins:  the  large  amount  of  tissue  between  the  tiibes  of  the 
cortex,  Ind  the  extensive  atrophy  of  the  tubes.  The  degene- 
rated epithelium  which  was  contained  in  some  of  the  tubes  has 
fallen  out  in  the  preparation  of  the  section,    x  50. 


The  irregular  pressure  exercised  by  the  new  growth  also 
gives  rise  to  the  formation  of  cysts.  These  originate 
partly  in  the  Malpighian  capsules,  and  partly  in  the 
urine  tubes— the  latter  becoming  irregularly  dilated. 

The  small  arteries  of  the  kidney  also  undergo  im- 
portant alterations.  These  were  first  described  by  Dr. 
Johnson.  Dr.  Johnson  states  that  the  walls  of  these 
vessels  are  thickened,  owing  to  hypertrophy  of  their 
longitudinal  and  circular  muscular  fibres.  This  change  is 
well  represented  in  the  accompanying  drawing.  (Fig.  109.) 
Both  the  internal  longitudinal  and  the  external  circular 
muscular  fibres  are  considerably  increased.    The  external 
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fibrous  coat  of  tlie  vessel  is  also  thickened,  and  it  appears 
to  be  continnous  with  the  new  intertubular  tissue.  This 
thickening  of  the  external  coat  has  been  especially  in- 


FiG.  109. 


Arteries  from  contracted  Kidney  of  advanced  Chronic  Bright's 
Disease,  a.  LongitudiBal  section,  sliowiug  the  great  thickening 
of  the  internal  longitudinal  and  external  circular  muscular  coat, 
also  of  the  outer  fibrous  coat.  b.  Transverse  section  of  another 
vessel  less  diseased.  Here  is  seen  the  thickening  of  the  cir- 
cular muscular  and  external  fibrous  coat,    x  200. 

sisted  upon  by  Sir  W.  Gull  and  Dr.  Sutton.  I  have 
usually  found  it  associated  with  the  muscular  hypertrophy, 
although  the  latter  is  undoubtedly  the  most  promiaent 
structural  change. 

In  this  more  advanced  stage  of  the  disease  the  kidney 
is  diminished  in  size.  Its  surface  is  more  granular,  the 
capsule  more  thickened  and  adherent,  and  it  cannot  be 
removed  -without  tearing  the  kidney  substance.  The 
superficial  vessels  are  seen  unduly  marked  in  the  depres- 
sions between  the  granulations.  The  cortex  is  tough  and 
fibrous,  of  a  reddish,  yellowish-grey,  or  buff  colour,  mot- 
tled with  yellow  streaks  and  patches ;  and  usually  nume- 
rous smaU  cysts  are  distributed  throughout  it.  Calcareous 
deposits  are  also  often  seen  as  white  streaks  between  the 
tubes  of  the  pyramids. 


CHAPTER  XL. 


INFLAMMATION  OF  THE  BEAIN  AND 
SPINAL  COED, 

processes 'in  the  nervons  centres  are  pro- 
Sy  mnch  less  frequent  than  was  formerly  supposed 
Many  of  those  morbid  changes  in  the  bram  and  spmal 
1-d  which  are  attended  by  softening,  and  which  were  at 
one  time  regarded  as  the  result  of  inflammation,  are  now 
known  to  ole  their  origin  to  simple  inter-ference  wrth  the 
vascular  supply,  such  as  results  from  tt--^--' 
Hsm.  or  degenerative  changes  m  the  walls  of  the  blood- 
vessels.   (See  "  Fatty  Degeneration  of  the  Brain.  ) 

The  iniury  which  determines  the  occurrence  of  acute 
inflammations  in  the  brain  or  cord  is  most  frequently 
some  external  violence-a  blow,  simple  concussion  or 
fracture  of  the  osseous  framework.  In  other  cases  it  is 
diseased  bone,  as  in  the  inflammation  of  the  bram  which 
so  often  results  from  disease  of  the  petrous  portion  oi  the 
temporal  bone.  Lastly,  in  a  comparatively  few  number 
of  cases  these  inflammations  are  pysemic. 

The  inflammatory  process  is  almost  invariably  limited 
to  small  portions  of  the  cerebral  or  spinal  substance.  The 
earliest  change  consists  in  a  more  or  less  intense  and 
localised  hypera^mia,  which  is  frequently  attended  by 
rupture  and  minute  extravasations  of  blood.    The  nervous 
tissue  then  becomes  infiltrated  with  young  cells  and  con- 
siderably softened,  and  it  presents  a  uniform  red  or 
mottled  colour.    This  red  softened  tissue  gradually  ac- 
quires a  brownish  or  brownish -yellow  colour  owing  to 
changes  in  the  hajmoglobin.    The  nerve-fibres  become 
disintegrated,  and  the  nerve-ceUs  and  ceUs  of  the  neu- 
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roglia  undergo  fatty  degeneration,  thus  forming  the  so- 
called  "  inflammatory,"  or  "  exudation  corpuscles."  (See 
Fig.  11.) 

In  many  cases  the  accumulation  of  young  cells  is 
sufficient  to  give  rise  to  the  formation  of  an  abscess,  and 
a  yellowish  or  reddish  purulent  liquid  gradually  takes  the 
place  of  the  original  softened  mass.  The  tissue  sur- 
rounding the  abscess  is  also  hyperEemic,  softened,  and 
infiltrated  with  cells.  The  cellular  infiltration  may 
gradually  extend,  and  thus  the  abscess  increase  in  size 
until  it  opens  either  externally  or  into  the  ventricles.  In 
other  cases  the  abscess  becomes  limited  and  encapsuled 
by  the  formation  of  connective  tissue  from  the  neuroglia, 
and  this  tissue  often  forms  a  delicate  network  traversing 
the  cavity.  When  the  products  of  these  acute  inflamma- 
tions have  thus  become  encapsuled  they  may  gi-adually 
dry  up  into  caseous  or  calcareous  masses,  or  the  absorp- 
tion may  be  more  complete,  so  as  to  leave  little  more  than 
a  cicatrix.  Respecting  the  source  from  which  the  young 
cells  are  derived — they  are  probably  entirely  emigrants. 
The  nerve-cells  themselves,  and  the  cells  of  the  neu- 
roglia, appear  to  undergo  no  active  changes  in  in- 
flammation. 

Suppurative  inflammations  are  much  more  common  in 
the  brain  than  in  the  spinal  cord.  In  the  latter  the 
inflammatory  process  is  rarely  of  sufficient  intensity  to 
produce  abscess  ;  it  causes  merely  softening  of  the  nervous 
tissue,  and,  when  not  secondary  to  a  meningitis,  usually 
involves  primarily  and  princi]3ally  the  central  grey 
matter  (myelitis). 

Inflammatory  Softening  of  the  Bkain  and  Cord. — 
Conditions  of  softening  of  the  cerebral  or  spinal  sub- 
stance resulting  from  inflammation,  other  than  those 
■which  have  been  above  described,  jDrobably  rarely  occur 
as  primary  lesions.  Most  varieties  of  softening  which 
were  formerly  described  as  inflammatory — either  from 
the  red  colour  of  the  softened  tissue  or  from  the  acute- 
ness  of  the  process — result,  as  already  stated,  from 
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thrombosis  or  embolism  (see  "Embolism  m  the  Bram  ), 
or  are  simply  passive  degenerative  cbanges  m  wbich  more 
or  less  extravasation  of  blood  has  taken  place  into  the 
softened  tissue.  (See  "  Fatty  Degeneration  of  the  Brain.  ) 
Inflammation  and  consequent  softening  of  the  nervous 
tissue  however,  sometimes  occurs  as  a  secondary  process. 
It  takes  place  especiaUy  around  clots  of  blood  or  other 
morbid  products  within  the  brain  or  spmal  cord,  and 
results  from  the  injurious  influence  which  these  sub- 
stances exercise  upon  the  immediately  adjacent  structures. 
Such  a  result  is  not  unfi-equent  in  cases  of  cerebral 
haemorrhage.  The  nerve-tissue  immediately  surroundmg 
the  clot  becomes  the  seat  of  an  inflammatory  process, 
and  it  is  found  after  death  softened,  hyper^mic,  and 
infiltrated  with  young  cells.  Inflammation  of  the 
superficial  portions  of  the  cerebral  and  spinal  substance 
may  also  occur  as  the  result  of  meningitis. 


SCLEROSIS  OF  THE  BRAIN  AND  SPINAL  COED. 

The  term  "  sclerosis"  is  apphed  to  certain  changes  in 
the  nervous  centres  which  are  characterised  by  an  increase 
of  the  connective  tissue  (neuroglia),  and  by  atrophy 
and  degeneration  of  the  proper  nervous  elements.  The 
afi"ected  portions  are,  for  the  most  part,  increased  in 
consistence ;  sometimes,  however,  they  are  softer  than 
natural.  They  are  usually  of  a  greyish  colour;  hence 
the  change  has  been  called  "  grey  degeneration."  The 
grey  colour  appears  to  depend  upon  the  loss  of  the  white 
sheath  of  the  nerve-fibres. 

Eespecting  the  nature  of  the  change— it  is  probably  in 
many  cases  the  result  of  a  chronic  inflammatory  process, 
the  new  growth  of  connective  tissue  leading  to  the  de- 
struction of  the  nerve-elements.  In  other  cases,  however, 
the  atrophy  of  the  nerve-tissue  appears  to  precede  the 
interstitial  increase,  so  that  the  process  would  rather  be 
regarded  as  a  passive  degeneration.  This  is  probably 
the  case  in  the  secondary  degenerations  of  the  cord. 
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When  the  diseased  portions  of  the  brain  and  cord  are 
examined  microscopically,  the  cut  ends  of  the  nerve- 
fibres  are  seen  in  transverse  sections  to  be  separated  by  a 
granular,  finely  nucleated,  and  often  partially  fibrillated 
tissue,  vfhich  evidently  originates  from  the  neuroglia. 
(Fig.  110.)    The  nerve-fibres  themselves  are  atrophied, 

Fig.  110. 


Sclerosis  of  Spinal  Cord.  From  a  case  of  Pro- 
gressive Muscular  Atroxsliy.  A  transverse  section. 
Showing  the  uew  tissue  between  the  cut  ends  of 
the  nerve-fibres,    x  '2U0. 

and  more  or  less  fatty  debris  is  found  in  the  altered 
tissue.  In  many  cases  the  nucleated  character  of  the 
interstitial .  growth  is  wanting.  The  walls  of  the  blood- 
vessels are  also  stated  to  be  thickened,  and  their  nuclei 
to  be  increased. 

Sclerosis  is  more  common  in  the  spinal  cord  than  in 
the  brain.  In  the  latter  it  occurs  most  frequently  as  small 
patches  of  induration  limited  to  certain  poi-tions  of  the 
brain.  These  must  be  distinguished  from  the  cicatrices 
left  after  the  absorption  of  blood  or  of  inflammatory 
products.  Sclerosis  of  the  cord  may  in  the  same  way  be 
locaHsed  and  more  or  less  disseminated  ;  more  commonly, 
however,  it  implicates  only  particular  nervous  tracts.  It 
occurs  thus  in  the  posterior  columns  of  the  cord  in  loco- 
motor ataxy,  and  in  the  anterior  cornua  in  progressive 
muscular  atrophy,  &c.  In  the  localised  and  disseminated 
forms  of  sclerosis  the  cellular  character  of  the  uew  growth 
is  much  more  marked  than  it  is  in  the  simple  uniform 
sclerosis  which  involves  particular  nerve-tracts. 


CHAPTER  XLI. 


INFLAMMATION  OF  THE  LUNGS. 

In  the  lungs,  inflammatory  processes  comprise  the  three 
following  principal  Yavieties :— Croupous,  hronclio-  or 
catarrhal,  and  chronic  or  interstitial  pneumonia.  Of 
these,  the  former  occurs  as  an  independent  affection, 
whereas  the  two  latter  are  usually  the  result  of  some 
antecedent  bronchial  or  pulmonary  inflammation. 

CROTTPOtrS  PNEUMONIA. 

Croupous,  exudative,  or  lolar  pneumonia,  is  that  form 
of  pulmonary  inflammation  which  is  met  with  in  the 
disease  known  as  acute  primary  pneumonia.  This  is 
now  regarded  as  a  general  disease  of  which  the  pneu- 
monic consohdation  is  the  prominent  local  lesion.  ^ 

The  local  process  is  characterised  by  intense  inflam- 
matory hyperfsmia  of  the  lung,  and  by  the  exudation  of 
a  large  amount  of  coagulable  material  into  the  pulmonary 
tissue.  It  is  termed  "  croupous"  by  the  Germans,  from 
the  supposed  resemblance  of  the  histological  process  to 
that  of  croup.  The  term  "  lobar"  is  applied  to  it  because 
it  almost  invariably  affects  an  extensive  portion  of  the 
lung.  The  process  is  Qommonly  described  as  consisting 
of  three  stages— 1st,  that  of  engorgement ;  2nd,  that  of 
red  hepatization  ;  and  3rd,  that  of  grey  hepatization. 

In  the  first  stage,  that  of  engorgement,  the  lung  becomes 
exceedingly  vascular,  the  changes  in  the  blood-vessels  and 
circulation  being  such  as  have  been  already  described  as 
characteristic  of  inflammation.    The  organ  is  of  a, dark 
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red  colour,  its  specific  gravity  and  absolute  weiglit  are 
increased,  its  elasticity  is  diminished,  it  is  less  crepitant 
and  more  friable  than  natural,  and  pits  upon  pressure. 
Its  cut  surface  yields  a  reddish,  frothy,  tenacious  liquid. 

Fm.  111. 


^^^^ 

ft 


Croupous  Pneumonia— Red  Hepathalion.  Showing  the 
fibrinous  coagulum  in  cue  of  the  pulmonary  alveoli,  en- 
closing wthin  its  meshes  numerous  leucocytes,  which  are 
already  commencing  to  undergo  fatty  metamorphosis.  A 
few  leucocytes  are  also  seen  ou  the  alveolar  walls,  and  tbe 
alveolar  epithelium  is  swollen  and  granular,    x  200. . 
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In  the  second  stage,  that  of  red  hepatization,  there  |s  an 
exudation  of  Hquor  sanguinis  and  ^^g^^^^T  J^^"^' 
corpuscles  into  the  pulmonary  tissue.   Some  of  the  vessels 
may  also  rupture,  and  thus  small  extravasations  occur^ 
The  exuded  liquids  coagulate  withm  the  air-vesicles  and 
terminal  bronchioles,  the  coagulum  enclosing  numerous 
wHte  and  some  red  blood-corpuscles.    (Fig.  111.) 
stated  by  some  German  pathologists  that  the  coagulum 
is  in  part  produced  by  certain  changes  in  the  epithehum 
like  those  beHeved  to  occur  in  croup.    (See  "  Croupous 
Inflammation  of  Mucous  Membranes.")    The  lung  is 
now  much  heavier  than  in  the  preceding  stage  and  is 
increased  in  size,  so  as  to  be  often  marked  by  the  ribs. 
It  is  quite  soM,  sinks  in  water,  and  cannot  be  artihciaiiy 
inflated.    It  does  not  crepitate  under  the  fingers,  but  is 
remarkably  friable,  breaking  down  readily  with  a  sott 
granular  fracture.    The  cut  surface  has  a  markedly 
granular  appearance,  seen  especially  when  the  tissue  is 
torn    This  is  owing  to  the  plugs  of  coagulated  exudation 
matter  which  fill  the  alveoli.    The  colour  is  of  a  dark 
reddish-brown,  often  here  and  there  passing  mto  grey. 
This  admixture  with  grey  sometimes  gives  a  marbled 
appearance.    Throughout  this  stage  there  appears^  to  be 
but  little  alteration  either  in  the  alveolar  walls  or  m  the 
alveolar  epithelium.    On  the  former  are  often  seen  a  few 
leucocytes,  and  the  latter  is  usually  swollen  and  granular. 
(Fig.  111.)    The  pleura  covering  the  solid  lung  always 
participates  more  or  less  in  the  inflammatory  process.  It 
is  opaque,  hyper^mic,  and  coated  with  lymph. 

The  third  stage,  that  of  grey  hepatization,  is  charac- 
terised by  a  continuance  in  the  emigration  of  leucocytes, 
and  by  cell-proliferation.  The  white  blood- corpuscles 
continue  to  escape  from  the  vessels,  and  thus  their  num- 
ber within  the  alveoli  gradually  increases.  The  epithelial 
cells  lining  the  alveolar  walls,  which  were  only  swollen 
and  granular  in  the  earlier  stage  of  the  process,  now 
undergo  more  active  changes.  Their  nuclei  enlarge  and 
multiply,  and  ultimately  numerous  new  cells  are  produced. 
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The  pulmonary  alveoli  thus  become  completely  filled  with 
young  cell-forms,  so  that  the  fibrinous  exudation  is  no 
longer  visible  as  an  indejoendent  material,  as  it  is  in  the 
stage  of  red  hepatization.  (See  Fig.  111.)  The  fibrinous 
material  now  disintegrates,  and  the  young  cells  rapidly 
undergo  retrogressive  fatty  changes,  so  that,  as  usually 
seen,  th.e  alveoli  are  filled  with  granular  elements,  which 
in  many  parts  have  lost  their  distinctive  outlines. 
(Fig.  112.)     The  alveolar  walls  themselves,  with  few 


Fig.  112. 


Croupous  Pneumom<ir^Gre!)  Hepatization.  Showing  the 
large  accumulation  of  cellular  elements  A^athiu  one  of  the 
pulmonary  alveoli,  which  in  some  pai'ts  have  undergone 
such  extensive  fatty  degeneration  that  theii'  distinctive 
outlines  are  no  longer  visible,    x  200. 


exceptions,  remain  throughout  the  process  unaltered, 
although  occasionally  when  this   stage  is  unusually 
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::*::;;s"a;:rifor.%.«  cut 

f  ™  The  most  prominent  feature,  however,  is  the 
ler'uonlhieh  fkes  place  in  the  colour  of  the  orga.^ 
Th  g  a<Wly  Ganges  from  a  dark  -li-''-''-''" 
irey  or  ,ellowish.wl,ite.  This  is  owing  partly  to  the 
;  Lure  exercised  upon  the  blood-vessels  by  the  eluded 
substances  and  newly  formed  cells,  and  partly  to  the 
aty  "ration  which  the  latter  have  undcrgoiie^ 
Thfstag'e  of  grey  hepatization  when  far  advanced  has 
been  termed  suppuration  of  the  lung.  _ 

Although  these  three  stages  of  the  pneumonic  process 
hate  been  described  as  succeeding  one  another  m  orderly 
sulcession.  it  must  be  ---^ered  that  each  ^age  d^^^^ 
not  occur  simultaneously  throughout  the  whole  of  the 
afiected  area  of  the  lung.  The  changes  advance  irregularly, 
so  that  whilst  one  portion  of  the  lung  is  m  the  stage  of 
red  hepatization,  another  may  be  in  the  grey  stage- 
hence  the  mottled  marbled  appearance  of  the  consolida- 
tion   The  rapidity  with  which  the  several  stages  succeed 
one  "another  is  also  subject  to  marked  variations.  In 
some  cases  the  pneumonic  consolidation  very  rapidly 
becomes  grey,  whilst  in  others  the  time  occ^Tpled  m  the 
transition  is  much  longer.  .    ,    •    o     r-  p^i 

The  pneumonic  process  may  terminate  m  the  four  toi- 

lowing  ways : —  «  ,  i  i 

1st  In  Resohdion.-Uhe  gradual  return  of  the  lung  to 
its  normal  condition  is  the  natural  and  much  the  most  fre- 
quent  termination  of  croupous  pneumonia.  J-^^ 
effected  by  the  fatty  and  mucoid  degeneration  of  the  in- 
flammatory  products  which  have  accumulated  withm  the 
alveoli,  which  thus  become  so  altered  that  they  can  be 
removed  by  absorption.  Granular  pigment  is  also  mixed 
with  the  softeued  matters  and  appears  m  the  expecto- 
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ration.  This  is  probably  partly  derived  from  tbe  extra- 
vasated  blood,  and  is  partly  that  wbicb  normally  exists  in 
tbe  interlobular  connective  tissue.  Where  this  process  of 
liquefaction  and  disintegration  is  taking  place  in  the 
lung  the  granular  appearance  of  its  cut  surface  is  com- 
pletely lost.  It  is  of  a  yellowish-grey  colour,  and  a 
tenacious  puriform  liquid  can  be  expressed  from  its  sub- 
stance. As  the  softened  matters  become  absorbed,  the 
circulation  is  gradually  restored,  and  the  organ  ultimately 
attains  its  normal  characters. 

2nd.  In  Abscess. — The  formation  of  an  abscess  is  a  very 
rare  result  of  simple  pneumonia.  Such  a  result  appears  to 
be  favoured  by  a  bad  constitution,  and  by  any  circum- 
stances which  tend  to  impair  the  general  health  either 
before  or  during  the  disease.  The  abscess  is  more  com- 
mon in  the  upper  than  in  the  lower  lobes.  Circumscribed 
gangrene  of  the  lung  may  also  occasionally  terminate  in 
abscess.  This  takes  place  by  the  evacuation  of  the  gan- 
grenous tissue  through  the  bronchi,  and  the  formation  of 
a  pyogenic  membrane  from  the  walls  of  the  cavity,  which 
generates  pus.  The  cavity  may  ultimately  close  by  granu- 
lation and  cicatrization.  These  abscesses  of  primary 
origin  are  usually  single,  and  thus  differ  from  those  due 
to  pyaemia. 

3rd.  In  Gangrene. — Almost  as  rare  as  the  preceding 
is  the  occurrence  of  gangrene.  This  is  most  common  in 
chronic  drunkards  and  in  those  of  debilitated  constitution. 
Two  conditions  appear  to  be  principally  concerned  in 
bringing  about  this  result : — one  is  the  interference  with 
the  supply  of  blood  by  the  extensive  formation  of  coa- 
gula  in  the  pulmonary  and  bronchial  vessels,  together 
with  considerable  htemorrhage  into  the  pulmonary  tissue ; 
the  other  is  the  septic  influence  of  altered  inflammatory 
products.  The  gangrene  is  usually  limited  to  a  small 
area  of  the  pneumonic  lung,  and  is  either  diffuse  or  limited 
by  a  zone  of  inflamed  tissue. 

4th.  In  Chronic  Pneimonia. — If  the  inflammatory  pro- 
cess does  not  subside  and  the  exuded  substances  are  not 
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abscbed.  the  alveola,  walls  8-*"^^ ''Xof  fiteo-nt 
These  beeome  thickened  by  a,  uew  f  ""f  « 
cleatedtissae  and  thus  ^^^^X^^^^"^ 

'^Icoupons  P-n>o«  a  P— ^^^^^^^^ 

cases  of  pulmonary  phthisis,  (bee   ruimuu  j 

BUONCHO-  OR  CATABBHAL  PNEUMONIA. 

Broncho-,  catarrhal,  or  lohular  pneumonia  is  inflam- 
mation of  the  lung-tissue  associated  with,  and  usually 
secondary  to,  inflammation  of  the  bronchial  mucous 
membrane.    In  the  earher  stage,  the  pu  monary  inflam- 
mation is  commonly  limited  to  scattered  S^^^V^  oi^^' 
vesicles,  hence  the  term  loUdar  which  is  applied  to  t 
As  the  process  proceeds,  the  inflammatory  nodules  may 
gradually  coalesce,  so  as  to  produce  larger  tracts  o  con- 
soUdation.    The  inflammatory  products  which  flU  the 
alveoli  consist  principally  of  cells  derived  from  the  epithe- 
lium of  the  alveoli  and  from  the  bronchial  mucous  mem- 
brane; exudation  and  emigration  play  a  mucn  less  pro- 
minent part  in  the  process  than  they  do  m  croupous 
pneumonia.    Owing  to  this  preponderance  of  epithelial 
products,  and  to  the  association  of  the  pulmonaij  with 
the  bronchial  inflammation,  the  process  has  been  termed 
catorr/ial  pneumonia.  j    4.  +  ^ 

Pathology.— The  pneumonic  process,  as  already  stated, 
is  invariably  associated  with  bronchial  catarrh.  In  some 
cases,  it  would  appear  that  the  injury  which  produces 
the  bronchial  inflammation  produces  at  the  same  time 
inflammation  of  the  air-vesicles,  but  much  more  fre- 
quently the  bronchitis  precedes  the  pneumonia,  and 
gives  rise  to  it  in  a  manner  to  be  hereafter  described. 
Whatever  causes  inflammation  of  the  bronchial  mucous 
membrane  may  thus  be  a  cause  of  broncho-pneumonia. 
Simple  bronchitis,  especially  in  childhood  and  old  age, 
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and  also  the  specific  bronchitis  associated  -with  measles 
and  hooping-cough,  are  the  most  frequent  precursors  of 
the  disease.  All  conditions  which  tend  to  impair  the 
general  health  favour  the  occurrence  of  the  pneumonia. 
They  do  so  by  rendering  the  bronchial  mucous  membrane 
abnormally  hable  to  become  inflamed,  and  also  by  dirai- 
nishing  the  power  of  the  respiratory  muscles,  and  thus 
aiding  in  the  production  of  pulmonary  collapse. 

Inflammation  of  the  bronchial  mucous  membrane  may 
give  rise  to  broncho-pneumonia  in  two  ways  : — 1st,  by 
causing  in  the  first  place  collapse  of  the  lung-tissue  ;  and 
2nd,  by  the  dii-ect  extension  of  the  inflammation  from 
the  bronchi  to  the  air-vesicles.  The  pneumonic  process 
being  the  result  of  the  bronchitis,  almost  invariably 
involves  both  lungs. 

1.  Bronclio-pneumonia  consecidive  to  Collapse. — Col- 
lapse of  the  lung-tissue  greatly  favours  the  occurrence 
of  broncho-pneumonia,  and  usually  the  pneumonic  pro- 
cess is  principally  confined  to  those  portions  of  the  lung 
in  which  collapse  has  taken  place.  There  are  two 
circumstances  principally  concerned  in  the  production  of 
the  collapse  which  is  consecutive  to  bronchitis — the 
narrowing  of  the  bronchial  tubes,  and  the  weakness  of 
the  inspiratory  power.  The  collapse  thus  iuduced  is 
especially  frequent  in  the  posterior  and  inferior  portions 
of  the  lungs — those  portions  in  which  normally  the 
inflation  of  the  lung  is  least  complete.  Commencing 
here,  the  process  may  gradually  extend  upwards  till  large 
areas  of  the  lungs  become  involved.  In  other  cases, 
owing  to  a  more  irregular  distribution  of  the  bronchial 
obstruction,  the  coUajDse  is  limited  to  small  isolated 
portions  of  the  lung.  These  portions  vary  in  size  from 
a  hemp-seed  to  a  walnut.  They  are  commonly  more  or 
less  wedge-shaped,  with  their  apices  toward  the  bronchus 
with  which  they  communicate,  and  the  lung-tissue  around 
them  usually  presents  various  degrees  of  congestion  and 
emphysema. 

The  tendency  of  the  pneumonic  process  to  occur  in 
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the  collapsed  portions  of  the  lung  is  dne  partly  to  the 
h/petml  whih  is  induced  by  the  coHapse  and  partly 
to  the  irritation  of  inhaled  bronchial  secretion  Collapse 
of  te  lung-tissue  invariably  induces  more  or  less  conges- 
tion.  Thi^  is  owing  to  the  absence  of  the  expansion  and 
contraction  of  the  air-vesicles  .^^^^^^^ 
p^monary  circulation,  and  also  to  tl^e  irnpedanient^^^^^^^^^^ 

blood-flow  resulting  from  ^^V^'^'f^''^^''''\^T.^^^ 
gestion  is  quickly  followed  by  CBdema  ^^^^^^^^^ 
purple  coUapsed  portions  of  the  lung  become  darker  m 
colour,  less  resistant,  and  more  friable  m  consistence 
In  lung-tissue  thus  altered  a  quasi-inflammatory  proce  s 
characterised  mainly  by  epithelial  activity  is  prone  to 

'""inother  circumstance  which  often  appears  to  play  a 
prominent  part  in  the  causation  of  the  pneumonic  process 
I  the  presence  within  the  alveoli  of  t^^^  -Aammatory 
products  of  the  bronchial  mucous  membrane.  These 
products  are  frequently  found  in  scattered  g™«P«^^ 
air-vesicles,  and  they  are  evidently  inhaled.  (See  Fig.  113.) 
They  are  found  both  in  the  air-contammg  and  in  the 
coUapsed  portions  of  the  lung,  but  especially  m  tbe  latter 
the  presence  of  collapse  necessarily  interfering  with  their 
removal  by  expectoration  or  absorption.    These  inhaled 
products  are  often  found  filling  small  groups  of  alveoli 
without  any  evidence  of  sulseciuent  inflammation  and 
there  can  be  no  doubt  that  many  of  the  patches  of  con- 
sohdation  which  are  usually  described  a,s  pneumonic  are 
really  non -inflammatory  in  their  nature,  and  are  thus 
produced.    At  the  same  time,  owing  to  the  irritation  ot 
the  inhaled  secretion,  it  tends  to  induce  inflammat^ory 
changes  within  the  alveoli,  and  these  changes  are  fre- 
quently largely  owing  to  its  presence. 

2  Broncho-pneumonia  independent  of  GoUapse.— Al- 
though the  pneumonic  process  is  usually  consecutive  to 
collapse,  it  may  occur  independently.  This  may  be  owing 
either  to  the  direct  extension  of  the  inflammation  from  the 
bronchi  to  the  air-vesicles,  or  to  the  influence  of  inhaled 
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inflammatory  products.  In  other  cases,  it  is  possible  that 
the  injury  which  causes  the  bronchitis  causes  at  the  same 
time  inflammation  of  the  pulmonary  alveoli. 

Histology,  &c.— The  appearances  presented  by  the 
lungs  after  death  vary.  The  bronchi  are  always  more  or 
less  inflamed,  and  contain  thick  mucus.  The  lung-tissue 
exhibits,  associated  in  various  degrees,  collapse,  conges- 
tion, oedema,  emphysema,  and  pneumonic  consolidation. 
The  bluish,  non-crepitant,  depressed  portions  of  collapse, 
which  become  darker  and  more  friable  with  age,  are 
usually  most  abundant  in  the  lower  lobes  and  margins 
of  the  lungs.  The  collapse  sometimes  involves  the  whole 
of  one  lobe,  but  more  commonly  it  is  limited  to  smaller 
areas.  When  scattered  and  limited  in  its  distribution, 
there  is  usually  more  or  less  emphysema  of  the  in- 
tervening portions  of  the  lung. 

Those  portions  of  the  lung  iu  which  the  pneumonic 
process  has  supervened  most  commonly  appear  as  scat- 
tered nodules  of  consolidation,  varying  in  size  from  a 
small  pea  to  a  hazel-nut.  These  are  ill-defined,  and 
pass  insensibly  into  the  surrounding  tissue,  which  is 
variously  altered  by  cougestion,  collapse,  and  emphysema. 
They  are  of  a  reddish-grey  colour,  slightly  elevated, 
smooth,  or  very  faintly  granular,  and  soft  and  friable  in 
consistence.  As  they  increase  in  size  they  may  become 
confluent.  In  a  more  advanced  stage,  the  nodular  and 
more  difEuse  consolidation  becomes  paler,  firmer,  drier, 
and  somewhat  resembles  in  appearance  ordinary  grey 
hepatization. 

When  examined  microscoj)ically,  this  consolidation  is 
seen  to  consist  of  an  accumulation  within  the  alveoli  of  a 
gelatinous  mucoid-looking  substance,  small  cells  re- 
sembling leucocytes,  and  epithelial  elements.  In  many 
cases  much  of  this  accumulation  is  precisely  similar  to 
that  contained  in  the  smaller  bronchi,  and  it  is  evidently 
the  inflammatory  and  richly  cellular  bronchial  secretion 
which  has  been  inhaled.  (Fig.  113.)  At  the  same  time  it 
is  in  the  highest  degree  probable  that  it  is  often  partly 
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the  result  of  exudation  and  emigration  from  tHe  pul- 
LonaTcapilU^^^^  ^or,  as  «^own  by  CohuWm  blood- 
stasis  so  injures  the  walls  of  the  blood-vessels  that 

Fig.  113. 


Broncho-Pneumonm.  From  a  child,  aged  four  with  capJlary 
bronchitis.  A  section  of  one  of  the  patches  of  consohdation. 
Showing  the  stufSng  of  the  alveoli  with  what  appears  in  the 
main  to  be  inhaled  bronchial  secretion,    x  200. 

the  blood-corpuscles  and  liquor  sanguinis  readily  per- 
meate them.  (See  "  Embolism.")  Associated  with  tHs 
material  are  large  epithehal  elements,  the  offspring 
of  the  alveolar  epithelium.  These  vary  considerably  in 
number.  In  some  cases,  and  in  some  portions  of  the 
consolidation,  they  may  be  very  few,  whilst  in^  others 
they  may  constitute  the  predominant  change.  (Fig.  114.) 
These  differences  probably  depend  upon  how  far  the 
inhalation  of  bronchial  secretion  constitutes  a  part  of 
the  process. 

The  subsequent  changes  which  take  place  in  the  lungs 
vary.  When  the  disease  does  not  end  in  death,  resolu- 
tion is  the  most  common  termination.  The  contents 
of  the  alveoli  undergo  fatty  metamorphosis,  and  are  re- 
moved by  expectoration  and  absorption,  the  lung  gra- 
dually regaining  its  normal  character.    This  process, 
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however,  is  less  readily  effected  than  in  croupous  pneu- 
monia, and  it  often  occuj)ies  such  a  lengthened  period 


Fig.  114. 


Catarrhal  Pneumonia.  From  a  case  of  acute 
phthisis.  Showing  the  large  epithelial  cells 
which  fill  the  alyeoii.    x  2U0. 


that  some  thickening  of  the  bronchial  and  alveolar  walls 
and  dilatation  of  the  smaller  bronchi  remains.  In 
chronic  cases  this  fibroid  thickening  is  much  more 
marked,  and  considerable  irregularly  distributed  pig- 
mented induration  and  bronchial  dilatation  may  be 
produced.  (See  "  Chronic  Pneumonia.")  In  these  chronic 
forms  the  contents  of  the  alveoli  sometimes  caseate,  and 
then  become  encapsuled,  or  in  quite  exceptional  cases  lead 
to  disintegration. 

Hypostatic  PNEtrMONiA.— Allusion  must  be  made  here 
to  a  form  of  lung-consolidation  which  is  often  described 
as  pneumonic,  but  which,  in  reality,  is  for  the  most  part 
non-infliammatory  in  its  nature.  This  is  the  so-called 
hypostatic  pneumonia.  This  condition  is  met  with  at 
the  bases  and  most  dependent  portions  of  the  lungs 
in  the  course  of  both  chronic  and  acute  diseases,  and  also 
in  the  aged  and  debilitated.    It  consists  in  the  main  of 
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collapse,  hyperfemia,  and  oedema  of  the  lung-tissiie,  re- 
sulting from  weak  inspiratory  power,  feeble  circulaiion, 
and  gravitation.  The  consolidation  thus  mechanically 
induced  is  increased  by  more  or  less  exudation  of  liquor 
sanguinis  and  blood-corpuscles  into  the  alveoli,  which 
exudation  is  partly  due  to  the  damage  to  the  walls  of  the 
capillaries  caused  by  the  blood-stasis  (Oohuheim).  This 
condition  of  hypostasis  is,  as  has  been  already  stated, 
especially  favourable  to  proliferation  of  the  alveolar 
epithelium ;  and  this  proliferation  often  occurs  to  a 
greater  or  less  extent,  and  so  tends  t6  increase  the  con- 
soUdation.  . 

INTEESTITIAL  OE  CHEONIC  PNEUMONIA, 

Interstitial  or  chronic  pneumonia  is  characterised  by  a 
gradual  increase  in  the  connective  tissue  of  the  lung, 
which  leads  to  an  induration  of  the  pulmonary  texture, 
and  to  progressive  obliteration  of  the  alveolar  cavities. 
It  is  commonly  associated  with  catarrh  and  dilatation  of 
the  bronchi,  and  often  with  ulceration  of  the  bronchial 
walls,  and  excavation  of  the  indurated  lung. 

Pathology. — It  is  exceedingly  doubtful  if  interstitial 
pneumonia  is  ever  a  primary  and  indejpendent  affection. 
It  probably  in  all  cases  owes  its  origin  to  some  antecedent 
inflammation  of  the  pulmonary  or  bronchial  textures,  or 
of  the  pleura.  It  may  be  stated  generally  that  all  in- 
flammatory processes  in  the  lung  which  become  chronic 
lead  to  an  increase  of  the  connective  tissue  elements,  and 
consequently  to  a  fibroid  induration  of  the  organs,  and  in 
this  respect,  therefore,  these  processes  resemble  similar 
ones  in  other  parts — e.g.  in  the  liver,  kidney,  and  mucous 
membranes.  In  the  lungs  by  far  the  most  common  cause 
of  such  induration  is  phthisis,  in  all  cases  of  which,  ex- 
cepting in  those  which  are  the  most  acute,  there  is  more 
or  less  fibroid  growth.  The  most  chronic  cases  of 
phthisis—  those  in  which  the  fibrosis  is  the  most  marked 
— are,  it  must  be  -admitted,  somewhat  closely  allied  to 
some  forms  of  interstitial  pneumonia.    The  two  diseases 
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diflPer,  however,  in  this  respect : — that  whereas  the  pul- 
monary consolidation  of  phthisis  tends  to  undergo  mole- 
cular death  and  disintegration,  that  of  interstitial  pneu- 
monia exhibits  no  such  tendency,  but  any  destruction 
and  excavation  of  the  indurated  lung  which  may  take 
place  is  due  to  secondary  inflammation  and  ulceration 
commencing  in  the  bronchial  walls.  In  couaidering  the 
pathology  of  interstitial  pneumonia,  therefore,  it  is  neces- 
sary to  exclude  in  the  first  place  the  pulmonary  fibrosis 
of  chronic  phthisis.  (See  "  Pulmonary  Phthisis.")  Inter- 
stitial pneumonia  must  also  be  separated  from  that  form 


Fig.  115. 


Chronic  Bronchitis.  Showing  the  new  growth  of  fibro- 
uncleated  tissue  around  the  bronchus  b,  and  the  way  in 
which  this  tissue  is  invading  the  walls  of  the  adjacent 
alveoli,    v,  A  divided  blood-vessel,    x  100,  reduced  ^. 


of  pulmonary  induration  which  is  produced  by  long  con- 
tinued mechanical  congestion  (see  "  Brown  Induration  of 
the  Lung"),  and  from  those  more  localised  indurations 
due  to  chronic  bronchitis  (Fig.  115),  and  to  syphihs. 

There  appear  to  be  four  conditions  which  may  give  rise 
to  interstitial  pneumonia.    These  are  as  follows : — 

1.  Croupous  Pneumonia— The  pulmouary  consolida- 
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tion  of  acute  croupous  pueumonia  in  almost  all  cases 
undergoes  complete  resolution.  This  resolution  is  usually- 
effected  rapidly,  but  occasionally  it  is  more  protracted. 
When  protracted,  the  hepatized  lung  tends  to  become 
slightly  indurated,  owing  mainly  to  thickening  of  the  walls 
of  the  alveoli.  This  indurated  hepatization  differs  but 
little  in  its  physical  characters  from  ordinary  red  and  grey 
hepatization ;  it  is  simply  somewhat  firmer,  more  resis- 
tant, and  less  granular.  In  very  exceptional  cases  this 
smaU  amount  of  induration,  commencing  in  the  alveolar 
walls,  may  gradually  increase,  so  as  ultimately  to  give 
rise  to  that  extensive  fibrosis  of  the  lung  which  constitutes 
what  is  usually  known  as  interstitial  pneumonia. 

2.  Broncho-Fneumonia. — This  appears  to  be  a  some- 
what more  frequent  cause  than  the  preceding.  The 
greater  liability  of  this  form  of  pneumonia  to  lead  to 
pulmonary  induration,  is  to  be  accounted  for,  partly  by 
its  longer  duration  and  greater  tendency  to  become 
chronic,  and  partly  by  the  existence  of  bronchial  dilata- 
tion with  which  it  is  so  frequently  associated.  That 
bronchial  dilatation  is  favourable  to  an  indurative  pneu- 
monic process  has  been  insisted  upon  by  Dr.  "Wilson 
Fox.*  The  existence  of  this  dilatation  favours  the  per- 
sistence of  the  catarrhal  and  pneumonic  process.  The 
removal  of  secretion  is  rendered  difficult,  and  the  re- 
tained secretion  tends  to  keep  up  and  increase  the  irri- 
tative process,  both  in  the  dilated  bronchi  and  also  in 
the  pulmonary  alveoli,  and  this  persistence  of  the  bron- 
chial aad  pulmonary  inflammation  leads  to  fibroid 
thickening  of  the  bronchial  and  alveolar  walls.  In  this 
way  areas  of  fibroid  induration  are  produced,  which,  as  the 
process  proceeds,  may  ultimately  involve  large  portions 
of  the  lung.  The  progressive  tendency  of  the  process 
is  probably  partly  to  be  explained  by  the  fact  that 
pulmonary  fibrosis  is  a  cause  of  bronchial  dilatation,  so 
that  fibrosis  once  established,  by  inducing  further  dilata- 

•  Eoynolds'  "System  of  Medicino,"  vol,  iii.  Article,  Chronic 
Pneumonia. 
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tion  of  the  bronchi  favours  the  extension  of  the  bronchial 
and  pulmonary  induration  (Wilson  Fox). 

Under  this  head  may  also  be  included  those  cases  of 
induration  and  ulceration  of  the  lung  which  result  from 
obstruction  of  a  main  bronchus — such  as  is  produced  by 
the  pressure  of  an  aneurism.  Here  the  retained  bronchial 
secretion  sets  up  inflammatory  changes  in  the  bronchial 
and  alveolar  walls,  which  gradually  lead  to  iuduration 
and  ulceration  of  the  lung.* 

3.  Fleurisy. — This,  in  very  exceptional  cases,  leads  to 
the  development  of  an  interstitial  pneumonia.  It  appears 
to  be  in  those  cases  of  pleurisy  which  are  more  or  less 
chronic,  and  in  which  the  effusion  remains  long  un- 
absorbed,  that  such  a  result  is  most  liable  to  occur. 
The  induration  of  the  lung  thus  induced,  is  often,  how- 
ever, exceedingly  partial,  consisting  merely  in  some  in- 
crease of  the  interlobular  connective  tissue,  originating 
and  extending  inwards  as  dense  bands  from  the  thickened 
visceral  pleura.  In  other  cases  pleurisy  probably  gives 
rise  to  a  much  more  general  fibrosis. 

4.  The  Inhalation  of  solid  irritating  PaHicles. — This, 
which  occurs  in  miners,  potters,  stonemasons,  grinders, 
&c.,  is  the  cause  of  the  fibrosis  of  the  lungs  so  common 
amongst  these  workmen.  The  continuous  irritation  of 
the  inhaled  particles  induces  a  bronchial  and  alveolar 
inflammation,  and  ultimately  a  progressive  fibrosis,  with 
dilatation  and  ulceration  of  the  bronchi. 

Histology,  &c. — The  appearances  presented  by  the 
lung  when  the  fibrosis  is  extensive  and  general  are  very 
characteristic.  The  organ  is  diminished  in  size ;  the 
tissue  is  smooth,  dense,  firm — in  parts  almost  carti- 
laginous in  consistence ;  and  it  is  irregularly  mottled 
with  black  pigment.  The  alveolar  structure  of  the  lung 
is  in  most  parts  completely  destroyed,  and  on  section  the 
dilated  bronchi  are  seen  as  numerous  large  openings 


*  See  case  by  Dr.  Irvine,  "  Trans.  Patli.  Soc.  Lond.,"  vol.  xxviii. . 
p.  63. 
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scattered  over  its  surface.  The  dilated  bronclii  frequently 
become  the  seats  of  secondary  inflammatory  processes, 
which  may  lead  to  ulceration  and  ultimately  to  extensive 
excavation  of  the  indurated  tissue ;  but  there  is  a  com- 
plete absence  of  any  of  those  caseous  changes  wbich  are 
so  characteristic  of  ordinary  phthisis.  This  secondary 
inflammation  of  the  dilated  bronchi  is  probably  induced 
by  the  irritating  and  often  putrid  secretion  which  they 
contain,  and  which  is  only  with  great  difficulty  com- 
pletely removed  by  expectoration.  The  pleura  is  almost 
invariably  considerably  thickened  and  adherent. 

The  histological  changes  may  be  described  generally  as 
consisting  in  the  development  of  a  fibro-nucleated  tissue 
from  the  walls  of  the  alveoli,  from  those  of  the  bronchi, 
and  fi-om  the  interlobular  connective  tissue  ;  which  new 
growth,  as  it  increases,  and  from  its  tendency  to  contract, 
gradually  replaces  and  obliterates  the  alveolar  structure. 
The  character  of  these  changes,  however,  varies  somewhat 
according  to  the  inflammatory  antecedents  in  which  they 
originate.  When  the  result  of  a  croupous  pneumonia,  the 
primary,  and  usually  the  principal,  change  takes  place 
in  the  walls  of  the  alveoli  (Fig.  116),  although  ultimately 
the  interlobular  tissue  is  involved.  The  alveolar  walls 
become  thickened  by  the  growth  of  a  small-celled  tissue, 
in  which,  associated  with  the  lymphoid  cells,  there  are 
sometimes  elongated  fusiform  cells  such  as  are  found  in 
embryonic  tissue  which  is  undergoing  fibroid  development. 
The  new  growth  in  its  earlier  stages  usually  contains  new 
blood-vessels,  but  later  the  tissue  contracts,  and  these 
become  to  a  great  extent  destroyed.  The  alveolar 
cavities  which  are  not  obHterated,  are  either  empty,  or 
contain  exudation  products  or  a  few  epithelial  cells.  In 
addition  to  the  growth  in  the  alveolar  walls,  I  have  met 
with  three  cases  in  which  intra-alveolar  exudation  pro- 
ducts were  undergoing  fibroid  development.*    There  was 


*  For  one  of  these  specimens  I  am  indebted  to  Dr.  Goodhart,  who 
records  the  case  in  the  "  Trans.  Path.  Soc.  Lond.,"  vol.  xxy.  p.  33. 
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notliing  peculiar  in  tlie  macroscopical  characters  of  the 
lungs,  but  the  alveoli  were  found  filled  with  a  fibrinous 
meshwork  and  leucocytes  somewhat  similar  to  that  met 
with  in  red  hepatization.  (See  Fig.  111.)  They  difi'ered, 
however,  in  this  respect — that  many  of  the  cells  were 


Fig.  116. 


Interstitial  Pneumonia.  From  a  case  of  so-called  "  cir- 
rhosis" of  the  lung,  in  which  the  disease  was  unilateral. 
The  bronchi  were  much  dilated,  and  there  was  a  complete 
absence  of  any  caseous  change.  The  drawing  shows  the 
new  fibro-nucleated  growth,  both  in  the  alveolar  walls  and 
in  the  interlobular  tissue,  also  the  pigmentation.  At  a  a 
divided  vessel  is  seen,    x  100.* 

long  and  spindle-shaped,  and  blood-vessels  were  dis- 
tributed amongst  them,  which  blood-vessels  communicated 
with  those  in  the  alveolar  walls.  (Figs.  117  and  118.) 
The  alveolar  walls  were  also  thickened  by  a  fibro-nucleated 
growth.  It  was  therefore  perfectly  obvious  that  in  these 
lungs  the  products  of  a  previous  acute  croupous  pneu- 
monia were  becoming  vascularised  and  undergoing  de- 
velopment into  a  fibroid  structure,  and  that  this  intra- 

*  When  this  specimen  is  examined  with  a  higher  magnifying 
power  a  deUcate  reticulum  can  be  seen  between  the  cellular  ele- 
ments. 
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Fig.  11.7. 


Chronic  Pneumonia.  Yascularisation  and  fibroid  development 
of  intra-alveolar  exudation  products.  Blood-vessels  are  seen 
distributed  in  tbe  exudation  products,  which  blood-vessels 
communicate  with  those  ia  the  alveolar  walls.  The  alveolar 
walls  are  also  thickened  by  a  fibro-nucleated  growth,  x  100. 
and  reduced  J. 


Fig.  118. 


Chronic  Pneumonia.  A  portion  of  the  intra-alveolar 
exudation  products  (Fig.  117)  more  highly  magnified. 
Showing  the  elongated  spindle  cells,  the  fibrillation, 
and  the  blood-vessels  containing  blood-corpuscles. 
X  200. 


358  INFLAMMATION  OF  THE  LUNGS. 


alveolar  change  was  the  principal  cause  of  the  fibroid 
induration  of  the  organs. 

When  the  fibrosis  is  secondary  to  an  ordinary  broncho- 
pneumonia or  to  that  induced  by  the  inhalation  of 
irritating  solid  particles,  the  new  growth  also  originates 
principally  from  the  alveolar  walls.  Here,  however,  the 
growth  in  the  earlier  stages  is  less  uniEorm  and  the  peri- 
bronchial and  interlobular  connective  tissue  play  a  more 
prominent  part  in  the  process. 


CHAPTER  XLII. 


PULMONARY  PHTHISIS, 

By  pulmonary  phthisis  is  understood  a  disease  of  the 
lungs  which  is  characterised  by  progressive  consolidation 
of  the  piilmonary  texture,  and  by  the  subsequent  soften- 
ing and  disintegration  of  much  of  the  consolidated  tissue. 
Eespecting  the  nature  of  the  morbid  processes  which  lead 
to  this  consolidation  and  disintegration  of  the  lungs- 
various  opinions  have  from  time  to  time  been  held  by 
pathologists,  and  this  diversity  of  opinion  exists  to  some 
extent  even  at  the  present  day.    According  to  the  older 
views,  which  were  based  upon  the  teaching  of  Laennec, 
phthisis  was  regarded  in  all  cases  as  a  tuberculous  disease. 
Tubercle  was  looked  upon  as  a  specific  non-inflammatory 
growth  which  was  characterised  by  the  caseous  degene- 
ration which  it  invariably  underwent  (see  "  Acute  Tuber- 
culosis"), and  this  caseous  metamorphosis  was  held  to  be 
such  a  distinguishing  peculiarity  of  the  growth  that  all 
caseous  masses  came  to  be  regarded  as  tuberculous,  and 
phthisis,  in  which  caseation  plays  such  a  prominent  part, 
was  consequently  regarded  as  a  tuberculous  disease.  The 
various  consolidations  of  the  pulmonary  tissue  were  de- 
scribed as  "  infiltrated  tubercle,"  and  tubercle  in  some 
form  or  other  was  regarded  as  so  essential  a  constituent 
of  the  disease,  that  "  phthisis"  and  "  pulmonary  tuber- 
culosis" came  to  be  synonymous  terms. 

These  older  views  respecting  the  nature  of  phthisis 
have  undergone  various  modifications  during  recent  years, 
When  the  application  of  the  term  "  tubercle"  became 
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limited  by  Virchow  and  his  followers  to  the  grey  {granu- 
lation, it  was  evident  that  sucli  views  were  no  longer 
tenable,  and  at  the  present  time  many,  in  accordance 
with  the  advocacy  of  the  late  Professor  Niemeyer,  regard 
tubercle  as  only  an  occasional  element  in  the  causation  of 
the  disease.  In  considei-ing  how  far  tubercle  plays  a  part 
in  the  production  of  phthisis,  it  must  be  borne  in  mind 
that  this  growth  is  now  known  to  be  an  inflammatory 
one.  The  miliary  lesions  which  are  commonly  known  as 
tubercular,  are  the  anatomical  res  alts  of  chronic  inflam- 
matory processes  limited  to  small  circumscribed  areas  ; 
and  although  they  consist  in  the  main  of  a  small-celled 
lymphoid  tissue,  they  present  certain  difi'erences  in  their 
histological  characters,  according  to  the  structure  of  the 
organ  in  which  they  originate.  (See  "  Acute  Tuberculosis.") 
In  the  lungs  it  has  been  seen  that  they  consist  not  only 
of  that  lymphoid  tissue  and  branched  cells  which  is  so 
characteristic  of  tubercular  lesions,  but  also  of  accumu- 
lations of  epithelium  within  the  pulmonary  alveoli.  (See 
"  Tuberculosis  of  the  Lungs.") 

Histology  oe  Phthisis. —The  histological  changes  in 
the  lungs  which  occur  in  pulmonary  phthisis  are  similar 
to  those  which  are  met  with  in  these  organs  in  acute 
miliary  tuberculosis.  They  differ  mainly  in  this  respect — 
that  whilst  in  the  latter  disease  these  changes  are  usually 
limited  to  small  areas  (hence  the  miliary  character  of  the 
lesions),  in  the  former  they  commonly  involve  much  wider 
tracts  of  tissue. 

In  studying  pulmonary  phthisis,  it  will  be  advisable  in 
the  first  place  to  describe  the  various  structural  changes 
which  are  met  with  in  the  lungs,  together  with  the  more 
important  alterations  which  they  produce  in  the  physical 
characters  of  the  organs ;  and  subsequently  to  examine 
into  the  nature  of  the  morbid  processes  upon  which  these 
changes  depend,  and  to  draw  some  general  conclusions 
respecting  the  pathology  of  the  disease. 

The  structural  changes  met  with  in  the  lungs  in  phthisis 
are  mainly  of  four  kinds : — 1st.  An  accuimdation  of  epi- 
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thelial  cells  within 'the  pitlmonanj  alveoli ;  2nd.  The  pre- 
sence within  the  alveoli  of  a  fibrinous  exudation  and  leu- 
cocytes ;  3rd.  A  cellular  infiltration  and  thichening  of  the 
alveolar  walls,  together  %mth,  in  most  cases,  a  similar 
change  in  the  walls  of  the  terminal  bronchioles ;  and  4tli. 
An  increase  in  the  interlobular  connective  tissue.  These 
four  kinds  of  morbid  change  are  very  constantly  asso- 
ciated, although  in  very  different  degrees  ;  and  some  of 
them  are  more  prominent  and  characteristic  than  others. 
The  preponderance  of  one  or  other  of  them  produces 
those  variations  in  the  physical  characters  of  the  lungs 
which  are  met  with  in  the  different  stages,  and  in  the 
different  varieties  of  the  disease.  These  various  structural 
changes  must  now  be  considered  separately. 

1st.  An  accumulation  of  epithelial  cells  within  the 
pulmonary  alveoli. — This  is  one  of  the  most  frequent 
changes  met  with  in  phthisis,  and  is  precisely  similar  to 
that  which  has  been  already  described  as  occurring  in 


Fig.  119. 


Acute  Phthisis.  Showing  one  of  the  alveoli  iilled  with 
epithelial  elements,  and  marked  cellular  infiltration  of  the 
alveolar  wall,    x  200. 
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cases  of  true  catarrhal  pneumonia.  (See  Fig.  114.)  The 
alveoli  are  found  filled  with  large  nucleated  elements, 
which  are  the  offspring  of  the  epithelial  cells  normally 
lining  the  alveolar  walls.  (Fig.  119.)  In  some  acute 
cases  of  phthisis  this  alveolar  accumulation  may  con- 
stitute almost  the  only  morbid  change,  and  although 
there  is  always  some  cellular  infiltration  of  the  alveolar 
walls,  the  great  bulk  of  the  pulmonary  consolidation  is 


Fig.  120 


Section  of  Lung  from  a  case  of  Acute  Phthisis.  Showing 
that  the  consolidation  consists  almost  exclusively  of  pro- 
ducts accumulated  within  the  alveoli.  In  some  parts  a 
free  space  is  seen  between  the  alveolar  walls  and  their 
contents:  this  is  simply  due  to  the  shrinking  of  the 
latter  caused  by  the  hardening  of  the  specimen,    x  50. 

due  to  the  stufl&ng  of  the  alveolar  cavities  with  catan-hal 
products.  (Fig.  120.)  In  some  parts — those  in  which  the 
change  is  the  most  recent — the  large  cells  which  fill  the 
alveoli  and  the  alveolar  walls  will  be  found  but  little 
altered,  but  in  the  greater  portion  of  the  consolidated 
tissue  the  cells  will  bo  seen  in  various  stages  of  retro- 
gressive metamorphosis,  and  the  alveolar  walls  destroyed ; 
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whilst  in  those  trcacts  of  tissue  in  whicli  the  process  is 
most  advanced  all  trace  of  structure  is  lost,  and  nothing 
is  seen  but  a  granular  debris.  These  changes  are  pre- 
cisely analogous  to  those  met  with  in  many  of  the  larger 
nodular  lesions  of  acute  tuberculosis.    (See  I'igs.  73 

and  74.)  . 

2nd.  The  presence  within  the  alveoli  of  a  fih-vnous 
exudation  and  ZeMcoci/fes.— This  is  less  frequent  than  the 
preceding.    (Fig.  121.)    The  exudation  products  are 


Fig.  121. 


Acute  PhtJmis.  Showing  one  of  the  alveoli  filled  with 
fibrinous  exudation  and  leucocytes,  and  some  cellular 
infiltration  of  the  alveolar  wall,    x  200. 

similar  to  those  which  fill  the  alveoli  in  ordinary  croupous 
pneumonia.  (See  Fig.  111.)  The  coagulum,  however,  is 
usually  not  so  abundant,  neither  is  the  fibrillation  quite 
so  distinct.  In  the  most  acute  forms  of  phthisis  this  may 
constitute  the  principal  cause  of  the  pulmonary  consoli- 
dation, but  more  commonly  it  is  associated  with  more  or 
less  epithelial  proliferation. 
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The  appearances  presented  by  the  lungs  in  those  cases 
m  which  the  pulmonary  consolidation  is  mainly  due  to 
the  ■mira-alveolar  changes  above  described  are  very 
'Characteristic.  The  consolidated  tissue  is  quite  soft  and 
friable,  breaking  down  very  readily  under  the  finger,  and 
there  is  a  complete  absence  of  any  induration.  The  con- 
solidation, although  frequently  almost  uniform,  some- 
times presents  a  somewhat  lobulated  outline,  indicating 
the  implication  of  different  groups  of  the  pulmonary 
lobules.  The  colour  varies  from  a  reddish  to  a  yellowish 
grey,  and  scattered  through  the  consolidated  mass  are 
often  small  portions  of  a  more  decidedly  yellow  tint. 
These  latter  correspond  with  those  parts  in  which  the 
retrogressive  changes  are  the  most  advanced,  and  they 
are  even  softer  in  consistence  than  the  surrounding 
tissue.  In  many  parts  the  consoHdated  tissue  will  be 
found  broken  down,  so  as  to  form  cavities  of  various 
sizes.  These  always  possess  irregular  walls,  which  are 
quite  soft  and  friable,  like  the  solid  tissue  which  surrounds 
them. 

3rd.  A  cellular  infiltration  and  thickening  of  the  alveolar 
walls,  together  with,  in  most  cases,  a  similar  change  in  the 
walls  of  the  terminal  bronchioles.  This  is  very  constantly 
associated  with  the  former  intra-alveolar  changes,  and  it 
must  be  regarded  as  the  most  characteristic  phthisical 
lesion,  although  its  extent  varies  very  considerably  in 
different  cases.  The  change  is  precisely  similar  to  that 
which  has  been  already  described  as  occurring  in  acute 
miliary  tuberculosis.  In  its  earlier  stages  a  few  smaU 
lymphoid  cells  are  seen  infiltrating  the  alveolar  septa, 
which  are  thus  slightly  thickened.  (See  Figs.  119  and 
121.)  As  the  change  proceeds  the  number  of  these  cells 
increases,  and  from  them  an  imperfect  fibro-nucleated 
structure  is  developed,  which  in  some  parts  very  closely 
resembles  adenoid  tissue.  (Fig.  122.)  This  structure  con- 
tains no  new  blood-vessels.  As  this  new  tissue  develops 
in  the  alveolar  walls  it  gradually  obliterates  and  replaces 
the  alveolar  cavities,  so  that  whilst  in  some  jjortions  the 
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thickened  alveoli  may  be  foiTnd  still  containing  epithelial 
elements,  exudation  products,  or  even  giant  cells,  in  others 
large  tracts  will  be  seen,  consisting  almost  entirely  of  the 


Fig.  122. 


Section  of  laingfrom,  a  case  of  somewhat  Chronic  Phthisis. 
Showing  the  thickeniug  of  the  alveolar  walls  by  a  fibro- 
niioleated  adenoid-like  tissue ;  together  with  an  accumu- 
lation of  epithelial  cells  mthin  the  alveolar  cavity.  The 
latter  are  undergoing  retrogressive  changes,  x  200. 


small-celled  growth.  The  development  of  this  new  non- 
vascular tissue  in  the  alveolar  walls  leads  to  the  partial, 
or  even  complete,  obliteration  of  the  pulmonary  capillaries, 
which,  as  will  be  seen  subsequently,  constitutes  an  im- 
portant element  in  the  causation  of  the  retrograde 
changes. 

The  changes  which  may  subsequently  take  place  in 
this  alveolar  growth  vary.  The  infiltrated  septa  may 
rapidly  break  down  before  any  marked  thickening  or 
development  of  new  tissue  has  had  time  to  occur ;  whilst 
in  other  less  acute  cases,  there  is  a  considerable  develop- 
ment of  the  imperfect  fibro-nucleated  tissue,  which, 


366 


INFLAMMATION  OF  THE  LUNGS. 


altliougli  it  may  remain  as  a  more  or  less  permanent 
structure,  usually  owing  to  insufficient  vascular  supply, 
undergoes  in  its  turn  retrogressive  metamorphosis. 
These  two  kinds  of  change  are  very  often  found  taking 
place  simultaneously  in  different  portions  of  the  con- 
solidated lung.  In  those  portions  in  which  the  new  tissue 
is  undergoing  degeneration,  it,  together  with  the  cells 
which  may  be  contained  within  the  alveoli,  will  be  seen 
to  have  become  converted  into  a  structureless  granular 
debris,  whilst  perhaps  in  immediate  vicinity  to  these 
more  degenerated  portions  will  be  found  a  more  perma- 
nent fibro- nucleated  structure. 

Respecting  the  alteration  which  the  growth  of  this 
small-celled  tissue  produces  in  the  physical  characters  of 
the  lungs — it  may  be  stated  generally,  that  it  usually 
leads  to  more  or  less  induration  of  the  pulmonary  texture. 
The  extent  of  this  induration,  however,  will  vary  accord- 
ing to  the  characters  of  the  new  tissue.  If  the  tissue  be 
almost  entirely  cellular,  such  as  is  the  case  when  it  is  very 
rapidly  developed,  it  will  produce  but  little,  if  any,  indu- 
ration of  the  pulmonary  consolidation,  which,  consisting 
mainly  of  the  intra-alveolar  accumulations,  wiU  be  soft 
and  friable  in  consistence,  much  resembling  that  which 
has  been  already  described.  When,  on  the  other  hand,  as 
is  more  frequently  the  case,  there  is  any  considerable 
development  of  the  imperfect  fibro-nucleated  growth,  or 
its  reticulum  is  dense  and  abundant,  there  will  be  a 
corresponding  induration  of  the  consolidated  tissue.  In 
many  cases  these  changes  produce  uniform  tracts  of 
indurated  consolidation  of  a  greyish  colour  mottled  with 
black  pigment,  in  which  there  may  be  scattered  here  and 
there  yellowish  patches  corresponding  to  those  jDortions 
which  have  undergone  retrogressive  fatty  changes. 

4th.  An  increase  m  the  interlobular  connective  tissue. — 
This  is  met  with,  to  a  greater  or  less  extent,  in  all  the 
more  chronic  forms  of  phthisis.  This  tissue,  which  sur- 
rounds the  bronchi  and  blood-vessels,  and  contributes  to 
the  formation  of  the  alveoli,  is  found  not  only  increased 
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in  amount,  but  also  altered  in  character.  In  the  earlier 
stages  of  its  development,  when  it  contains  numerous 
small  cells,  although  many  parts  of  it  may  resemble  the 
growth  in  the  alveolar  walls,  its  structure  is  more  like 
that  met  with  as  the  result  of  chronic  indurative  pro- 
cesses in  other  organs.  It  has  a  much  greater  tendency 
to  become  developed  into  a  fibroid  tissue  than  the 
alveolar  growth,  and  is  rarely  the  seat  of  those  retrograde 
changes  which  are  so  frequent  in  the  tissue  originating 
in  the  alveolar  walls.  As  usually  met  with,  it  consists 
either  of  wavy  fibres  or  of  a  more  or  less  reticulated 
structure,  with  a  varying  number  of  round,  spindle- 
shaped  or  branched  cells.  (Fig.  123.)  Associated  with  it, 

Fig.  123. 


Chronic  Phtlihis.  Showing  the  new  interlobular  fibroid 
growth  surrounding  and  encapsulating  a  degenerated  and 
caseous  portion  of  the  consolidated  lung,  x  60,  reduced  J. 


368  INFLAMMATION  OF  THE  LUNGS. 


in  most  cases,  are  granules  of  black  pigment.  These  dif- 
ferences in  the  pathological  tendencies  and  structure  of 
the  alveolar  and  interlobular  growths  are  mainly  owing 
to  differences  in  the  amount  of  their  vascular  supply, 
"Whereas  in  the  former  the  vessels  become  obliterated  ia 
the  manner  already  described,  in  the  latter  this  oblitera- 
tion is  much  less  complete  or  entirely  wanting.  In  the 
most  chronic  cases  of  phthisis  this  interlobular  growth 
may  constitute  the  predominant  structural  change,  and 
large  tracts  of  the  pulmonary  texture  may  be  found 
completely  replaced  by  it.  (See  "  Interstitial  Pneu- 
monia.") 

An  increase  in  the  interlobular  connective  tissue  in 
phthisis — inasmuch  as  the  new  tissue  has  so  marked  a 
tendency  to  become  dense  and  fibroid — leads  to  extensive 
induration  of  the  pulmonary  texture  ;  and  further,  owing 
to  the  contraction  which  the  tissue  tends  to  undergo,  its 
growth  ultimately  produces  a  corresponding  contraction 
of  the  diseased  lung.  In  all  those  cases  of  phthisis  in 
which  there  is  either  a  marked  thickening  of  the  alveolar 
walls,  or  an  increase  in  the  interlobular  connective  tissue, 
any  cavities  which  may  exist  in  the  consolidated  and 
indurated  tissue  are  characterised  by  the  tough  and 
fibroid  character  of  their  walls,  these  presenting  a  marked 
contrast  to  the  soft  friable  tissue  which  surrounds  the 
cavities  in  those  cases  in  which  the  pulmonary  consolida- 
tion is  mainly  dtie  to  intra-alveolar  changes. 

Changes  in  the  Bronclii. — Allusion  must  now  be  made 
to  certain  changes  in  the  bronchi.  These  tubes  are 
invariably  more  or  less  involved  in  pulmonary  phthisis. 
Some  catarrh  of  the  bronchi  is  constantly  present  in 
phthisical  lungs.  The  catarrh  is  sometimes  general,  but 
much  more  commonly  it  is  limited,  and  more  strictly 
confined  to  such  portions  of  the  lung  as  are  becoming,  or 
have  already  become,  consolidated.  In  many  cases  there 
is  a  marked  tendency  of  this  bronchial  catarrh  to  lead 
to  extensive  cellular  infiltration  of  the  deeper  structures 
of  the  bronchial  wall.    This  is  especially  the  case  in  the 
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scrofulous.  (See  "  Scrofulous  Inflammation,"  Fig.  63.) 
This  cellular  infiltration  sometimes  leads  to  tlie  produc- 
tion of  small  ulcers.  These  have  thickened  opaque  edges, 
and  when  once  formed  they  tend  to  increase.  In  addition 
to  these  changes  in  the  bronchial  mucous  membrane, 
there  is  often  a  cellular  infiltration  of  the  peri-bronchial 
tissue,  and  here  small  nodules  of  new  growth  are  fre- 
quently met  with — especially  around  the  smallest  bronchi. 
The  development  of  these  nodules  is  probably  due  to  the 
transmission  of  infective  substances  by  means  of  the 
lymphatics  from  the  bronchial  mucous  membrane  (tuber- 
culosis). 

Pathology  of  Phthisis. — Having  thus  briefly  desci-ibed 
the  various  structural  changes  met  with  in  the  lungs  in 
phthisis,  it  remains  to  consider  the  nature  of  the  morbid 
processes  upon  which  they  depend.    In  the  first  place,  it 
is  evident  that  these  changes  are  analogous  to  those  which 
have  been  seen  to  occur  in  the  several  forms  of  pulmonary 
inflammation.    The  fibrinous  exudation  and  leucocytes, 
and  the  accumulation  of  epithelial  cells  within  the  alveoli 
in  croupous  and  catarrhal  pneumonia,  with,  in  the  more 
chronic  cases,  the  ultimate  infiltration  of  the  alveolar 
walls ;  and  the  increase  in  the  interlobular  connective 
tissue  which  characterises  the  interstitial  process,  closely 
resemble  the  phthisical  lesions.    These  considerations, 
together  with  those  derived  from  the  study  of  the  etiology 
of  the  disease,  are  sufficient  to  justify  the  conclusion  that 
the  morbid  processes  which,  lead  to  the  consolidation 
and  subsequent  disintegration  of  the  lung  come  within 
the  category  of  inflammation,  and  that  the  difi"erences  in 
the  histological  changes  to  which  they  give  rise  are 
mainly  due  to  differences  in  the  intensity,  in  the  duration, 
and  in  the  mode  of  origin  of  the  inflammatory  process. 

In  considering  the  causes  of  these  difi'erences  in  the 
histological  changes  in  the  lungs,  dt  is  important  to  bear 
in  mind  what  has  been  already  stated  respecting  the 
variations  in  the  character  of  the  textural  alterations  in 
inflammation  which  are  produced  by  difi'erences  in  the 
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intensity  and  duration  of  the  inflammatory  i)rocess.  (See 
"Varieties  of  Inflammation.")  When  studying  the  pro- 
cess of  inflammation,  it  was  seen  that  the  most  intense 
forms  of  the  process  were  characterised  by  abundant 
fibrinous  exudation  and  emigration ;  whereas  in  inflam- 
mations of  less  intensity,  the  textural  changes  played  a 
more  prominent  part.  These  textural  changes  also  varied 
according  to  the  intensity  of  the  inflammation.  In  the 
least  severe  and  most  chronic  forms,  these  changes  tended 
to  be  limited  to  the  elements  immediately  adjacent  to  the 
blood-vessels  and  lymphatics,  whereas  in  inflammations 
of  somewhat  greater  intensity  more  distant  elements  be- 
came involved.  Further,  whereas  in  the  former  case  these 
changes  usually  resulted  in  the  formation  of  a  small- celled 
tissue  which  tended  to  become  fibroid,  in  the  latter,  the 
more  distant  elements — being  in  most  cases  incapable  of 
further  development — tended  to  undergo  retrogressive 
changes.  In  the  lungs,  the  truth  of  these  propositions 
was  borne  out  by  the  differences  which  were  seen  to  exist 
in  the  histological  characters  of  the  lesions  in  the  various 
forms  of  pulmonary  inflammation,  and  also  in  acute 
tuberculosis. 

If  the  pathology  of  these  inflammatory  processes  in 
the  lungs  be  kept  in.  view,  the  explanation  of  the  diffe- 
rences in  the  histological  characters  of  the  lesions  in  pul- 
monary phthisis  becomes  tolerably  evident.  In  those 
cases  in  which  the  inflammatory  processes  are  of  slight 
intensity  and  of  long  duration,  the  most  marked  struc- 
tural change  will  consist  in  the  development  of  a  small- 
celled  growth  in  the  alveolar  walls  and  in  the  interlobular 
tissue — a  growth  which  tends,  more  or  less,  to  become 
developed  into  a  fibroid  structure ;  whereas  in  those  cases 
in  which  the  inflammation  is  of  greater  intensity  fibrinous 
exudation  and  emigration,  and  proliferation  of  the  alveo- 
lar epithelium,  will  constitute  more  prominent  parts  of 
the  process. 

The  intensity  of  the  inflammatory  process  not  only  de- 
termines to  a  great  extent  the  histological  characters  of 
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the  pulmonary  consolidation,  but  also  the  subsequent 
chano-es  wliicli  take  place  in  it.  In  those  cases  of  phthisis 
in  which  the  intensity  of  the  inflammatory  process  is  con- 
siderable, not  only  do  the  epithelium  and  exudation  pro- 
ducts which  have  accumulated  within  the  alveoh  quickly 
decrenerate  and  break  down,  but  any  small-celled  tissue 
which  may  have  been  developed  in  the  alveolar  waUs  or 
around  the  terminal  bronchioles  also  softens  and  dies, 
and  thus  the  vitaHty  of  large  tracts  of  the  pulmonary  con- 
soUdation  may  become  destroyed.    In  those  cases,  on  the 
other  hand,  in  which  the  process  is  less  intense,  the  smaU- 
celled  growth  produced  in  the  alveolar  and  bronchial 
waUs  is  more  permanent,  and  there  is  an  increase  in  the 
interlobular  connective  tissue.    It  is  these  two  kinds  of 
change,  the  one  tending  towards  death,  and  the  other  to- 
wards progressive  development,  which  produce  the  casea- 
tion and  softening  on  the  one  hand,  and  the  induration 
on  the  other,  which  associated  in  such  various  degrees, 
make  up  the  diverse  physical  characters  of  the  phthisical 

These  various  secondary  changes  which  may  take  place 
in  the  pulmonary  consolidation  of  phthisis  must  be  con- 
sidered more  fully.  They  are  of  three  kinds— resolution, 
development  into  an  imperfect  fibroid  tissue,  and  retro- 
grade metamorphosis. 

Resolution— Much,  of  that  consolidation  of  the  lung 
which  is  the  most  rapidly  induced,  and  which  is  conse- 
quently owing  to  the  presence  of  iutra-alveolar  exudation 
matter,  may  become  absorbed.  The  resolution  of  the  con- 
solidation may  thus  be  complete,  or  after  the  absorption 
of  the  intra-alveolar  products  there  may  remain  more  or 
less  infiltration  of  the  alveolar  walls. 

Fibroid  Development. — This,  as  has  been  seen,  may 
take  place  in  the  growth  in  the  alveolar  walls,  and  also  in 
the  new  interlobular  tissue.  The  tissue  which  originates 
in  the  walls  of  the  alveoli,  however,  being  for  the  most 
part  destitute  of  blood-vessels,  is  incapable  of  forming  a 
very  mature  structure,  although  it  may  become  developed 
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into  an  imperfect  adenoid-like  tissue,  whicli  may  remain 
for  some  time  permanent,  and  so  contribute  to  tlie  indu- 
ration of  the  lung..  In  the  new  interlobular  tissue,  there 
is  not  the  same  interference  with  the  vascular  supply,  and 
hence  this  forms  a  much  more  fully  developed  and  per- 
manent structure,  and  it  is  the  principal  source  of  the 
pulmonai-y  fibrosis.  The  extent  of  this  fibrosis  is,  for  the 
most  part,  in  direct  proportion  to  the  chronicity  of  the 
disease. 

Retrograde  Metamorplwfiis. — It  is  this  kind  of  change 
which  leads  to  that  caseation,  softening,  and  disintegra- 
tion which  is  so  characteristic  of  phthisis,  and  which  dis- 
tinguishes phthisical  from  other  forms  of  pneumonic 
consolidation.  A  retrograde  change  in  the  inflammatory 
products  is  an  invariable  accompaniment  of  acute  non- 
l^hthisical  pneumonia.  Much  of  the  exudation  matter  and 
epithelium  which  fill  the  alveoli  undergoes  fatty  and  mucoid 
changes,  and  as  the  circulation  becomes  restored  in  the 
pulmonary  capillaries,  the  degenerated  products  are  ab- 
sorbed, and  the  lung  remains  intact.  In  phthisical  con- 
solidation, however,  this  removal  of  the  inflammatory 
products  does  not  take  place.  The  contents  of  the  alveoli 
degenerate,  but  the  degenerated  products  are  not  absorbed, 
and  the  consolidated  lung  undergoes  a  rapid  or  gradual 
process  of  disintegration. 

In  studying  the  causes  of  this  retrograde  metamor- 
phosis, which  constitutes  so  essential  a  feature  of  the 
disease,  it  is  undoubtedly  principally  due  to  conditions 
interfering  with  the  circulation.  Of  these  conditions, 
that  which  occupies  the  most  prominent  place  is  that 
cellular  infiltration  of  the  walls  of  the  alveoli  and  smaller 
bronchi  which  is  such  a  constant  though  very  variable 
factor  in  phthisis.  It  has  been  seen  that  this  infiltra- 
tion is  especially  characteristic  of  scrofulous  inflamma- 
tions, and  that  it  occurs  in  a  modified  form  in  those  who 
are  not  markedly  scrofulous,  and  also  in  all  pulmonary 
inflammations  which  become  chronic.  When  the  infiltra- 
tion is  marked,  and  especially  when  rapidly  induced,  the 
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effect  of  the  pressure  wLich  the  young  cells  exercise  upon 
the  pulmonary  capillaries  is  to  obstruct  the  cu-culation, 
and  so  not  only  to  prevent  the  absorption  of  any  mtra- 
alveolar  products,  but  also  to  lead  to  necrotic  changes 

There  are  two  other  conditions  which,  although  ot  less 
importance  than  the  preceding,  also  tend  to  interfere 
with  the  circulation,  and  so  to  cause  necrosis.  These  are 
the  pressure  which  is  exercised  upon  the  pulmonary 
capillaries  by  the  inflammatory  products  which  have 
accumulated  within  the  alveoli,  and  that  tendency  to 
stagnation  of  the  blood-stream  which  is  an  invariable 
accompaniment  of  every  acute  inflammation.  The  opera- 
tion of  these  conditions  obtains  in  the  most  acute  forms 
of  phthisis. 

In  addition  to  the  interference  with  the  circulation,  an 
important  element  in  the  causation  of  the  retrograde 
chancres  of  phthisis  is  probably  that  inherent  weakness 
of  the  lungs  (usually  inherited),  which  not  only  renders 
them  especially  susceptible  to  injury,  but  also,  when  in- 
jured, renders  them  abnormally  incapable  of  recovering 
themselves  from  the  inflammatory  process  which  has 
been  induced. 

In  many  cases  of  phthisis  also,  especially  in  the  more 
chronic  forms,  secondary  inflammation  and  ulceration  of 
the  pulmonary  consolidation,  resulting  from  the  injurious 
influence  of  retained  secretions  and  inflammatory  pro- 
ducts, constitutes  an  important  factor  in  the  causation 
of  the  destruction  of  the  lung. 

Etiology  op  Phthisis.— In  studying  the  etiology  of 
phthisis  it  will  be  necessary  to  consider,  in  the  first  place, 
that  inherent  pulmonary  weakness  which  exists  so  fre- 
quently in  this  disease;  secondly,  to  examine  into  the 
several  methods  by  which  injuries  may  be  inflicted  on 
the  lung  in  such  a  way  as  to  set  up  an  inflammatory 
process ;  and  lastly,  to  point  out  in  what  way  the  occur- 
rence and  progress  of  the  disease  are  influenced  by  the 
general  health  of  the  individual. 
Inherent  pulmonary  wealmess,  usually  inherited  but 
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often  acq-uired,  exists  in  a  large  proportion  of  the  cases 
of  phthisis.  This  weakness  not  only  renders  the  lungs 
abnormally  susceptible  to  the  various  kinds  of  injurious 
irritation,  but  also  makes  them  less  capable  than  strong 
lungs  of  recovering  themselves  from  the  effects  of  the 
inflammatory  process  which  the  injury  has  produced. 
Inherent  pulmonary  weakness  is  most  frequently,  but  by 
no  means  always,  a  part  of  that  general  constitutional 
state  known  as  scrofula,  in  which  the  mucous  membranes 
generally,  and  especially  that  of  the  respiratory  organs, 
are  so  abnormally  liable  to  become  inflamed. 

Inflammatory  processes  may  he  induced  in  the  lungs 
by — 1st,  injuries  inflicted  upon  the  surface  of  the  body  ; 
2nd,  by  injuries  inflicted  through  the  medium  of  the 
bronchi ;  and  3rd,  by  infection. 

By  injui'ies  inflicted  upon  the  surface  of  the  body  I 
mean  that  general  chilling  of  the  surface  which  results 
from  exposure  to  cold.  That  this  is  a  frequent  cause  of 
bronchial  and  pulmonary  inflammation  is  well  known. 

A  more  important  agent  in  the  production  of  phthisis 
than  the  preceding  is  the  injurious  irritation  of  the  lungs 
through  the  medium  of  the  bronchi.  The  bronchial 
mucous  membrane,  communicating  as  it  does  with  the 
external  air,  is  especially  liable  to  injury,  and  the  extreme 
frequency  with  which  the  development  of  phthisis  is  pre- 
ceded or  accompanied  by  successive  attacks  of  bronchial 
catarrh  is  a  well-established  clinical  fact,  the  important 
bearing  of  which  upon  the  successful  treatment  of  the 
disease  it  would  be  difficult  to  over-estimate.  In  consi. 
dering  bronchial  catarrh  as  a  cause  of  phthisis  it  is  im- 
portant to  bear  in  mind  how  greatly  the  occurrence  and 
character  of  this  catarrh  are  influenced  by  the  existence 
of  scrofula. 

In  other  cases  injuries  inflicted  through  the  medium  of 
the  bronchi  appear  to  exercise  their  inflaence  directly 
upon  the  inner  surface  of  the  air- vesicles  without  pro- 
ducing any  inflammation  of  the  bronchial  mucous  mem- 
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brane  This  is  probably  a  very  important  way  in  which 
such  injnries  canse  phthisical  consolidation  of  the  lung 

The  prominent  position  which  these  injunes  mtiicted 
throuo-h  the  medium  of  the  bronchi  occupies  m  the 
causation  of  phthisis  is  shown  by  the  fact  that  the 
luncr-consolidation  in  this  disease  is,  for  the  most  part, 
lohulated  in  its  distribution.  Groups  of  air-vesicles  com- 
municating with  the  terminal  bronchioles  become  impli- 
cated, and  thus  are  produced  lobular  lesions.    (Fig.  124.) 

Fig.  124. 


Acute  Phthisis.  A  transverse  section  of  a  terminal 
bronchus  (air-passage)  and  the  snn-ounding  alveoli. 
Showing  the  lobulated  character  of  the  pulmonary  con- 
solidation. 6,  cavity  of  bronchus  containing  a  little 
mucus.    V,  a  blood-vessel,    x  50,  reduced  4. 

This  lobulated  distribution  of  the  phthisical  consolidation 
is  exceedingly  characteristic,  and  even  in  those  acute 
cases,  in  which,  owing  to  the  rapid  and  extensive  impli- 
cation of  the  lung,  the  consolidation  may  to  the  naked 
eye  appear  almost  uniform  (like  a  croupous  pneumonia), 
the  microscope  will  usually  reveal  a  lobular  character. 


876 


INFLAMMATION  OF  THE  LUNGS. 


The  last  method  by  which  injuries  may  be  inflicted 
upon  the  lungs  is  by  means  of  infection.  This  infection 
is  precisely  similar  to  that  which  has  been  already  de- 
scribed as  causing  general  tuberculosis.  By  it  is  under- 
stood the  property  possessed  by  certain  inflammatory 
products— especially  by  those  which  have  become  caseous 
— of  inducing  secondary  inflammatory  processes  in  other 
parts.  Limited  tuberculosis  differs  from  the  general 
disease  only  iu  the  extent  to  which  the  infective  materials 
are  distributed.  Whereas  in  the  general  aftection  the 
dissemination  of  the  infective  substances  takes  place 
principally  by  means  of.  the  blood-vessels,  in  the  more 
limited  processes  the  dissemination  is  effected  by  means 
of  the  lymphatic  vessels  or  serous  canals.  In  the  lungs, 
limited  infective  processes  are  exceedingly  common  in 
phthisis,  and  they  give  rise  to  many  of  the  miliary 
nodules  of  induration  which  are  so  frequently  met  with 
iu  phthisical  lungs.  The  source  of  infection  in  these 
cases  is  usually  some  caseous  induration  already  existing 
in  the  lung,  so  that  the  infective  process  usually  super- 
venes upon  i^re-existing  phthisis. 

There  remains  still  one  other  factor  which  has  a  most 
important  influence  upon  the  causation  of  phthisis— i/ze 
general  health  of  the  individual.  That  the  development 
and  progress  of  phthisis  is  greatly  influenced  by  the  state 
of  the  general  health  is  well  known.  That  this  should  be 
so  will  be  readily  understood  if  the  inflammatory  nature 
of  the  disease  be  kept  in  view,  inasmuch  as,  in  aE  cases, 
the  susceptibility  of  a  living  tissue  to  injury  is,  cceteris 
paribus,  greater,  and  the  power  of  recovering  itself  from 
the  efi'ect  of  the  inflammation  less,  the  lower  the  standard 
of  tlie  general  health. 

Varieties  of  Phthisis. — In  conchision,  allusion  must 
be  made  to  the  different  varieties  of  ]3ulmonary  phthisis. 
How  far  is  a  subdivision  of  the  disease  into  difterent 
pathological  varieties  admissible  ?  Although  the  varia- 
tions observed  in  the  i^hysical  characters  of  phthisical 
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lungs  and  also  in  the  clinical  history  of  the  disease,  have 
led  "to  its  subdivision  into  diflFerent  kinds,  it  appears  to 
me  that  there  are  no  pathological  grounds  for^  any  such 
subdivision.  The  variations  observed  in  the  clinical  his- 
tory of  phthisis  and  in  the  physical  characters  of 
phthisical  lungs  are,  I  think,  mainly  to  be  ascribed  to 
variations  in  the  duration  and  intensity  of  the  inflam- 
matory processes  which  give  rise  to  the  pulmonary  con- 
soHdation,  and  also  to  the  parts  which  primary  pulmonary 
inflammation,  bronchial  inflammation,  and  infection  play 
respectively  in  the  causation  of  the  disease. 


CHAPTER  XLIII. 


CHANGES  IN  THE  BLOOD  AND  CIRCULATION. 

HYPEE^MIA. 

Hyperemia,  or  congestion,  is  excess  of  blood  in  tlie  more 
or  less  dilated  vessels  of  a  part.  Whatever  increases  the 
pressure  of  the  blood,  or  diminishes  the  resistance  of  the 
vessels,  may  be  a  cause  of  hyperremia.  Hypersemia  is 
active  or  arterial,  and  meclianical  or  venous.  These  two 
varieties  must  be  considered  separately. 

ACTIVE  HTPERiEMIA. 

Active  hypersemia  is  an  excess  of  blood  in  the  arteries 
of  a  part,  with,  in  most  cases,  an  acceleration  of  the  flow. 

Causes. — The  causes  of  active  hyperemia  may  be 
divided  into  those  which  increase  blood-pressure,  and 
those  which  diminish  arterial  resistance. 

1.  Increased  Blood-pressure. — This  occurs  most  com- 
monly from  interruption  of  the  main  current  of  blood  in 
any  particular  part,  owing  to  which  increased  pressure  is 
thrown  upon  the  collateral  vessels.  These  vessels  thus 
become  dilated,  the  amount  of  blood  in  them  is  increased, 
and  the  flow  is  accelerated.  This,  which  is  known  as 
collateral  hypercemia,  is  seen  after  the  obstruction  of  the 
main  current  from  any  cause,  as  from  the  ligature  of  the 
vessel,  or  from  its  occlusion  by  a  thrombus  or  embolus. 
(See  "  Embolism.") 

General  obstruction  in  the  capillaries  of  a  part  will  in 
the  same  way  cause  a  compensatory  hyperajmia.    This  is 
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exemplified  by  the  application  of  external  cold  causing 
oTraction  of  the  superficial  capillaries  and  congesinon 
of  internal  organs  ;  and  by  obstruction  of  the  capxUane 
in  one  part  of  an  organ  causing  bypereBmia  of  the  parts 

^^f""  Diminished  Arterial  Resistance. -This  is  much  the 
most  frequent  cause  of  active  hyperasmia.    It  may  arise 

^'T^elaxation  or  paralysis  of  tU^oall  of  the  vessel- 
The  relaxation  of  the  muscular  coat  of  the  vessels  and 
their  consequent  dilatation,  may  be  owing  to-lst,  ex- 
ternal warmth;  2nd,  direct  paralysis  of  the  vaso-motor 
nerve;  3rd,  indirect  paralysis  of  the  vaso-motor  nerve; 
and  4th,  changes  in  the  walls  of  the  vessel  resulting  from 
iniury  independently  of  the  nervous  centres.  External 
warmth  is  a  common  cause  of  hyperaemia.  This  is  seen 
in  the  efi'ect  of  warm  baths,  fomentations,  &c. 

The  effects  of  direct  paralysis  of  the  vaso-motor  nerves 
are  seen  in  the  active  congestion  of  the  head  and  neck 
which  follows  pressure  upon  the  sympathetic  in  the  neck, 
as  by  an  aneurism;  and  in  the  unilateral  congestion 
which  results  from  experimental  sections  or  disease  of  one- 
half  of  the  spinal  cord.  Some  emotional  conditions  also 
are  attended  by  paralysis  of  the  vascular  nerves  and  con- 
sequently by  active  hyperemia  :  this  is  seen  m  blush- 
ino-.  Certain  substances  again  taken  internally  produce 
va°so-motor  paralysis,  as  the  nitrite  of  amyl,  alcohol, 
tobacco,  &c. 

Indirect  or  reflex  paralysis  of  the  vaso-motor  nerves  is 
most  frequently  due  to  irritation  of  sensory  nerves.  The 
dilating  action  of  the  irritated  sensory  nerve  is  usually 
confined  to  the  region  supplied  by  it.  Of  the  numerous 
examples  of  hyperasmia  from  this  cause  may  be  men- 
tioned  that  which  follows  injury  of  the  conjunctiva,  the 
hyperismias  associated  with  facial  neuralgias,  and  the 
priapism  that  often  results  from  irritation  of  the  urethra. 
The  hyperajmia  of  the  skin,  caused  by  friction  and  irri- 
tating substances,  is  also  due  to  the  same  cause. 
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Hyperasmia  from  the  direct  injury  of  the  walls  of  the 
vessel  independently  of  the  nervous  system,  has  already 
been  described  when  speaking  of  vascular  dilatation  as 
the  earliest  change  in  the  process  of  inflammation.  In 
inflammation,  the  irritation  is  so  severe  as  to  cause  not 
only  dilatation  of  the  vessel  and  accelerated  blood-flow,  but 
also  a  subsequent  retardation  of  the  circulation  and 
exudation  of  liquor  sanguinis  and  blood-corpuscles.  (See 
"  Inflammation.")  If  the  injury  be  less  intense  or  less 
prolonged  in  its  action  it  produces  simply  dilatation  of 
the  vessels  and  increased  rapidity  of  flow— i.e.  active 
hyperasmia. 

/3.  Sudden  removal  of  external  'pressure. — The  sudden 
removal  of  external  pressure  from  vessels  is  followed  by 
their  dilatation,  and  consequently  by  hyperasmia.  As 
examples  of  hypertemia  from  this  cause  may  be  mentioned 
that  which  results  from  dry  cupping,  and  from  the 
sudden  removal  of  ascitic  fluid,  and  of  the  fluid  from  a 
hydrocele. 

y.  Atony  of  the  walls  of  the  vessels  from  mal-nutrition. — 
This  is  a  much  less  important  cause  of  hypereemia. 
Fatty  degeneration  of  the  muscular  and  internal  coats  of 
the  smaller  arteries  may,  however,  in  some  cases  lead  to 
their  dilatation,  and  thus  be  a  cause  of  active  hjrper^mia. 

Results. — The  results  of  active  hyperemia  are  princi- 
pally such  as  might  be  expected  to  follow  from  an  increase 
in  the  amount  of  the  arterial  blood,  and  in  the  rapidity  of 
its  flow,  in  any  particular  organ  or  tissue.  There  is 
increased  redness  and  pulsation,  a  sensation  of  throbbing 
being  often  experienced  by  the  patient.  There  is  also 
some  increase  in  bulk.  The  temperature  at  the  same 
time  undergoes  a  marked  elevation,  sometimes  as  much 
as  3°  Cent.  Serous  efOusions,  hEemon'hage,  and  throm- 
bosis— so  common  as  results  of  mechanical  hyjjeraamia— 
are  rarely  met  with.  If  the  hyperasmia  be  of  long  dura- 
tion, the  small  arteries  become  jjermanently  enlarged, 
their  walls  gradually  thicken,  and  the  peri-vascular  con- 
nective tissue  may  increase.    Function  may,  or  may  not, 
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be  interfered  with.  It  is  in  tlie  nervous  centres  tliat 
functional  changes  are  most  marked.  They  include  great 
excitabiUty,  para3sthesia3  of  sight  and  hearing,  convul- 
sions, &G.  In  the  skin,  kidneys,  and  other  secreting 
organs,  the  secretions  are  usually  increased. 

MECHANICAL  HYPEKiEMIA. 

In  mechanical  hypergemia.  the  excess  of  blood  is  princi- 
pally in  the  veins,  and  the  flow,  instead  of  being  accele- 
rated, is  retarded. 

Causes.— The  causes  of  mechanical  hypergemia  are 
such  as  interfere  with  the  return  of  the  blood  by  the 
veins,  either  by  directly  impeding  its  exit  from  any  vein 
or  system  of  veins,  or  by  diminishing  the  normal  cir- 
culating forces.    They  are — 

1.  A  direct  Impediment  to  the  Return  of  Blood  hy  the 
Yeins. — This  is  the  most  fertile  cause  of  mechanical 
hypergemia.  Any  obstruction  to  the  return  of  blood  by 
the  veins  is  followed  by  distension  and  impeded  flow 
behind  the  obstruction.  The  congestion  of  some  of  the 
abdominal  viscera  which  results  from  the  obstruction  to 
the  portal  circulation  in  cirrhosis  of  the  liver ;  that  of  the 
lung  in  mitral  constriction  and  regurgitation ;  that  of  the 
systemic  circulation  in  insufficiency  of  the  tricuspid  valve ; 
and  that  of  the  lower  extremities  from  the  pressure  of  the 
gravid  uterus  on  the  iliac  veins,  are  a  few  of  the  numerous 
familiar  examples  of  mechanical  hyperjemia  from  this 
cause. 

2.  Gh-avitation. — This  becomes  an  important  auxiliary 
in  the  production  of  hypersemia  in  disease,  especially 
when  it  is  associated  with  diminished  cardiac  power. 
The  effect  of  gravitation  in  determining  congestion  of  the 
most  dependent  parts  is  exemplified  in  chronic  exhaustive 
and  in  many  of  the  acute  febrile  diseases,  in  which  the 
nutrition  generally  becomes  impaired,  the  heart's  power 
weakened,  and  in  which  the  patient  is  unable  frequently 
to  change  his  position.  The  integuments  of  the  back,  and 


382    CHANGES  IN  THE  BLOOD  AND  CIRCULATION. 


the  posterior  portions  of  the  lunps,  are  tlie  parts  wliich 
are  thus  most  frequently  affected. 

3.  Increased  Local  Resistance. — This  results  from  dis- 
eased conditions  of  the  arterial  walls,  owing  to  which  they 
either  lose  their  elasticity  and  contractility  and  thus 
their  power  of  equalising  and  regulating  the  blood-flo\y, 
or  become  considerably  enlarged.  In  either  case  the  cir- 
culation will  be  imjDeded,  there  will  be  an  accumulation 
of  blood  and  retardation  of  flow  in  the  veins  beyond,  and 
the  veins  themselves  will  gradually  become  relaxed  and 
dilated.  Such  conditions  may  arise  from  simple  atony 
of  the  arterial  walls,  or  from  atheromatous,  fatty,  or 
calcareous  changes.  They  are  most  common  in  advanced 
life.  The  part  they  jDlay  in  thb  production  of  senile 
gangrene  has  been  already  alluded  to.  (See  "  Senile 
Gangrene.") 

4.  Diminished  Cardiac  Power. — This  is  one  of  the  most 
important  causes  of  mechanical  hypersemia,  especially 
when  it  is  associated  with  any  of  the  preceding  ones.  The 
motor  power  of  the  heart  becomes  impaired  iu  many  of 
the  chronic  exhausting  diseases,  also  in  the  acute  febrile 
diseases,  as  in  typhus  and  typhoid  fever,  and  in  all  those 
conditions  of  degeneration  and  softening  of  its  structure 
which  lead  to  the  dilatation  of  its  cavities.  In  whichever 
of  these  ways  the  vis  a  tergo  is  diminished  it  will  tend  to 
produce  venous  hypersemia. 

Eesults. — Long  continued  mechanical  hypersBmia  leads 
to  impairment  of  vitality  and  function.  The  tissues 
gradually  atrophy  and  undergo  retrogressive  changes, 
although  from  the  amount  of  serosity  and  blood  which 
they  contain  their  size  and  absolute  weight  may  be  in- 
creased. Their  temperature  becomes  lowered.  The  most 
important  results,  however,  of  this  variety  of  hypera3mia 
are  transudation  of  serum,  hcemorrhage,  fibroid  induration, 
thrombosis,  and  gangrene. 

1.  Transudation  of  Serum.— This  gives  rise  to  ojdema 
and  dropsical  effusions.  Its  occurrence  is  greatly 
favoured  by  the  stretching  of  the  walls  of  the  vessels, 
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and  by  tlie  damage  whicli  their  structure  sustains.  The 
transuded  serum  usually  differs  from  blood-serum  in 
being  of  lower  specific  gravity,  and  in  containing  more 
water  and  less  of  the  solid  constituents.  The  greater 
the  pressure,  the  more  nearly  does  the  transuded  liquid 
resemble  the  liquor  sanguinis,  and  the  greater  is  the 
amount  of  albumen  which  it  contains.  If  the  pressure 
be  very  great  it  may  yield  a  fibrinous  coagulum.  In 
mucous  membranes  mechanical  hypersemia  gives  rise  to 
chronic  catarrh. 

2.  EcBinorrliacje. — This  is  another  result  of  mechanical 
hypereemia.  It  usually  occurs  only  when  the  obstruction 
to  the  venous  current  is  very  great.  Those  vessels  which 
are  the  least  supported  are  the  first  to  give  way.  The 
haemorrhage  into  the  stomach  in  cirrhosis  of  the  liver, 
and  into  the  lung  in  mitral  disease,  are  familiar  examples 
of  haemorrhage  from  this  cause. 

Not  only  does  blood  escape  from  the  vessels  by  rupture 
of  their  walls  in  mechanical  hypersemia,  but  the  red 
blood-corpuscles  pass  through  the  walls  of  the  capillaries 
into  the  surrounding  tissues  without  rupture  taking 
place.  This  passage  of  the  red  corpuscles  through  the 
capillary  walls,  which  was  discovered  by  Cohnheim,  may 
be  observed  in  the  web  of  the  fi-og's  foot  after  ligature  of 
the  femoral  vein.  The  corpuscles  in  passing  through  the 
vessel  become  constricted  in  their  centre,  so  as  to  assume 
an  hour-glass  shape.  This  emigration  only  occurs  when 
the  obstruction  is  considerable. 

3.  Fibroid  Induration.- — -This,  which  is  due  to  a  gradual 
increase  in  the  connective  tissue  around  the  blood-vessels, 
is  one  of  the  most  important  results  of  long  continued 
mechanical  hyperastnia.  The  interstitial  growth  leads  to 
atrophy  of  the  other  structures,  and  thus  to  impairment 
of  the  functions  of  the  organ.  In  the  stomach,  it  produces 
atrophy  of  the  glandular  structures  ;  in  the  kidney,  com- 
pression of  the  urine -tiibes ;  in  the  liver,  obstruction  to 
the  portal  circulation;  in  the  heart,  diminution  in  motor 
power.   The  alterations  which  this  change  produces  in 
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the  physical  characters  of  the  organs — viz.  a  hardness 
and  induration  associated  with  abnormal  redness  or 
pigmentation  due  to  the  excess  of  blood,  are  exceedingly 
characteristic. 

4.  Thrombosis. — This,  as  a  result  of  mechanical  ob- 
struction, will  be  described  in  the  following  chapter. 

5.  Gangrene. — This  only  occurs  from  mechanical  liy- 
peraemia  when  the  obstruction  is  very  general  and  com- 
plete. It  has  been  already  described  under  the  head  of 
"  Gangrene." 

Mechanical  HypERiEMiA  op  the  Liver — Nutmeg 
LiVEK. — Long-continued  mechanical  hypereemia  of  the 
liver  gives  rise  to  the  condition  known  as  Nutmeq  Liver. 
This  is  the  condition  which  so  frequently  results  from 
disease  of  the  heart.  The  change  is  characterised  by  a 
large  accumulation  of  blood  in  the  hepatic  veins,  by  dila- 
tation and  thickening  of  these  veins,  by  atrophy  of  the 
hepatic  cells  in  the  central  portions  of  the  acini,  and  by 
an  increase  in  the  interlobular  connective  tissue.  The 
impediment  to  the  return  of  blood  by  the  hepatic  vein 
leads  to  atrophy  of  the  cells  in  the  central  portions  of  the 
acini  and  also  to  the  formation  of  granular  pigment,  so 
that  when  examined  microscopically,  these  portions  of 
the  acini  are  seen  to  consist  of  broken-down  cells  and 
granules  of  pigment.  (Fig.  125.)  The  veins  here  are 
found  much  dilated  and  filled  with  red  blood-corpuscles. 
Their  walls  are  thickened,  and  there  often  appears  to 
be  also  more  or  less  thickening  of  the  intercellular  net- 
worlc  which  immediately  surrounds  the  central  vein. 
Owing  to  this  thickening  of  the  central  veins  and  of  the 
adjacent  intercellular  network,  and  to  the  destruction  of 
the  liver-cells,  the  most  central  portions  of  the  acini,  in 
advanced  stages  of  the  disease,  may  present  a  very 
fibrous  appearance.  At  the  peripheral  parts  of  the  acini 
the  new  interlobular  growth  is  seen  insinuating  itself 
between  the  almost  unaltered  liver-cells.  This  new  inter- 
lobular growth  is  usually  distinctly  nucleated,  but  for  the 
most  part,  less  so  than  that  met  with  in  cirrhosis.  Its 
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cellular  character  has  been  especially  insisted  upon  by 
Dr,  Wickbam  Legg. 

In  the  earlier  stages  of  this  affection  the  liver  is  often 
considerably  increased  in  size  from  the  large  amount  of 

Fig.  125. 


Nutmeg  Liner.  Showing  the  destruction  of  the  liver- 
cells  and  the  pigmentation  in  the  central  portions  of 
the  acinus,  together  with  the  new  growth  of  connective 
tissue  at  the  periphery.  V.  Hepatic  vein.  P.  Portal 
canal,  x  50.  (When  the  specimen  is  more  highly 
magnified,  the  central  hepatic  vein  and  its  tributaries 
are  seen  to  be  filled  with  red  blood-corpuscles,  and 
their  walls  thickened.  The  intercellular  network 
which  immediately  surrounds  it  is  also  thickened,  and 
the  peripheral  connective  tissue  growth  contains  nu- 
merous nuclei.) 

blood  which  it  contains.  On  section,  it  presents  a  peculiar 
mottled  appearance,  the  centre  of  the  lobules  being  of 
a  dark  red  colour,  whilst  the  peripheral  portions  are  of 
a  yellowish-white.  This  latter  appearance  is  often  in- 
creased by  the  presence  of  more  or  less  fat  in  the  peri- 
pheral liver-cells.    Ultimately  the  organ  may  undergo  a 
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gradual  diminution  in  size.  This  is  due  partly  to  the 
atrophy  of  the  cells  in  the  central  portions  of  the  lobule, 
and  partly  to  the  pressure  of  the  interlobular  growth. 
The  interlobular  growth  tends  to  cause  obstruction  to  the 
portal  circulation,  as  in  cirrhosis. 

Mechanical  HypebjEmia  of  the  Lungs. — In  the  lungs 
long-continued  mechanical  hypersemia  produces  that 
peculiar  induration  and  pigmentation  of  the  organs 
which  is  known  as  Brown  Induration.    This  condition. 


Fig.  126. 


Brown  Induration  of  the  Lung.  Showing  the  abnormal 
numbei"  of  swollen  pigmented  epithelial  cells  coveiing  the 
alveolar  walls,  the  increase  of  connective  tissue  around  the 
blood-vessel,  a,  and  the  large  quantity  of  pigment,  h.  The 
alveolar  cavity,    x  20U. 


most  frequently  results  from  stenosis  and  insufficiency  of 
the  mitral  oritice.  The  alterations  produced  in  the  pul- 
monary texture  consist  in  the  first  place  of  elongation, 
and  dilatation  of  the  pulmonary  capillaries,  so  that  even 
in  uninjected  preparations  the  alveolar  walls  ajjpear  ab- 
normally tortuous.  The  epithelial  cells  lining  the  alveoli 
also  become  swollen  and  probably  multiply,  and  they 
are  seen  in  large  numbers,  filled  with  dark  brown  pig- 
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ment,  covering  the  alveolar  walls.  (Fig.  1 26.)  They  fre- 
quently accumulate  within  the  alveolar  cavities.  These 
changes  are  followed  by  an  increase  in  the  interlobular 
connective  tissue,  by  the  formation  of  large  quantities  of 
brownish-black  pigment,  and  often  by  a  thickening  of  the 
alveolar  walls.  Sometimes  the  pulmonary  capillaries 
rupture  and  blood  is  extravasated  into  the  lung-tissue. 

Lungs  in  which  these  changes  are  at  all  advanced  pre- 
sent a  more  or  less  uniform  brownish-red  tint,  mottled 
with  brown  or  blackish-coloured  specks  and  streaks. 
They  are  heavier  and  tougher  than  natural,  less  crepi- 
tant, and  upon  squeezing  them  the  pulmonary  tissue  is 
found  to  be  denser  and  thicker  than  that  of  a  healthy 
lung. 


PosT-MouTEM  Appearances  op  Hypersimia. — The  post- 
mortem appearances  presented  by  hyperaamic  organs  and 
tissues  vary  considerably.    Yery  frequently  parts  which 
were  hypersemic  during  hfe  show  no  signs  of  it  after 
death.    If  the  blood  does  not  coagulate  rapidly  it  passes 
on  into  the  veins,  and  thus  the  recognition  of  arterial 
and  capillary  hypersemia  very  often  becomes  impossible. 
The  effect  of  gravitation  must  also  be  taken  into  account 
in  estimating  hypersemia.    After  death  the  blood  natu- 
rally gravitates  to  the  most  dependent  parts: — this  is 
seen  in  the  post-mortem  congestion  of  the  posterior  por- 
tions of  the  lungs,  and  of  the  most  dependent  portions  of 
the  various  coils  of  the  intestine.    The  uniform  redness 
of  post-moi-tem  staining  again,  must  not  be  confounded 
with  the  redness  of  hyperasmia.  In  capillary  and  arterial 
hyperaemia,  the  colour  is  red,  and  the  injection  often 
presents  the  appearance  of  a  capilliform  network.  If 
very  intense  it  may  to  the  naked  eye  appear  uniform,  but 
a  lens  will  always  discover  its  capillary  nature.  When 
the  veins  are  the  seat  of  the  hyperaamia  the  injection  is 
called  ramiform,  and  the  colour  is  dark  blue. 
The  anatomical  peculiarities  in  the  distribution  of  the 
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blood-vessels  will,  however,  materially  affect  the  appear- 
ance of  the  hyperEemia,  In  the  intestines  it  is  often 
punctiform,  being  situated  in  the  vessels  of  the  villi ;  so 
also  in  the  kidney,  when  its  seat  is  the  Malpighian  cor- 
puscles. A  punctiform  appearance  may  also  be  produced 
by  minute  extravasations  of  blood.  If  the  hyj^erasmia  is 
of  long-standing,  the  tissue  becomes  pigmented.  This  is 
often  weU  seen  in  the  stomach  and  intestines,  also  in  the 
lungs. 


CHAPTER  XLIV. 


THROMBOSIS. 

Thbombosis  is  a  coagulation  of  tlie  blood  witHn  tlie 
vessels  during  life.  This  coagulation  is  owing  to  changes 
in  the  walls  of  the  vessel  itself,  or  to  impeded  blood-flow. 
The  coagulum  is  called  a  tliromhus.  It  may  form  in  the 
heart,  in  the  arteries,  in  the  capillaries,  or  in  the  veins. 
It  is  much  the  most  common  in  the  last-named  vessels. 

Thrombi  must  be  distinguished  from  the  coagula  that 
form  after  death,  and  also  from  those  formed  in  the  last 
moments  of  life  which  are  so  commonly  found  in  the 
cardiac  cavities.  Post-mortem  coagula  are  soft,  and  are 
often  divisible  into  two  layers,  coloured  and  uncoloured ; 
they  do  not  adhere  to  the  walls  of  the  vessel,  and  rarely 
completely  fill  its  cavity.  The  clots  formed  in  the  heart 
just  before  death  constitute  a  connecting  link  between 
post-mortem  coagula  and  thrombi.  They  are  more  or 
less  decolorised,  and  are  firmer  in  consistence  and  more 
fibrinous  than  post-mortem  clots.  They  are  not  firmly 
adherent  to  the  cardiac  walls,  but  are  often  so  entangled 
amongst  the  columnee  carnese,  chordee  tendinete,  and 
papillary  muscles,  that  they  cannot  be  quite  readily 
separated.  They  appear  to  be  the  result  of  the  mechani- 
cal defibrination  of  the  blood  by  the  cardiac  contractions 
a  little  while  before  death ;  the  contractions  not  being 
sufiiciently  strong  to  empty  the  cavities,  some  of  the 
blood  remains  behind,  and  becomes  "whipped  up"  and 
defibrinated.  These  clots  are  most  common  in  the  right 
cardiac  cavities,  and  they  often  extend  some  way  into  the 
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pulmonary  artery,  from  which,  however,  they  can  very 
readily  be  removed.  They  are  met  with  most  frequently 
in  those  cases  in  which  the  death-struggle  has  been  pro- 
longed, and  in  which  there  has  been  a  gradual  loss  of 
power  in  the  cardiac  contractions.  The  proportion  of 
fibrinogenous  substance  in  the  blood  will  also  materially 
influence  the  extent  of  their  formation. 

A  tliromhihs,  or  ante-mortem  clot,  is  firmer,  dryer,  and 
more  fibrinous  than  either  of  the  preceding,  and  it  is 
adherent  to  the  walls  of  the  vessel.  Its  characters,  how- 
ever, vary  with  its  age,  and  with  the  circumstances  under 
which  it  originates.  When  freshly-formed  it  is  of  a  dark 
red  colour  and  soft  gelatinous  consistence,  closely  re- 
sembling the  post-mortem  clot.  It  gradually  becomes 
paler,  dryer,  less  elastic,  and  more  fi-iable.  If  it  is 
rapidly  produced — as  when  the  circulation  is  suddenly 
arrested  in  a  portion  of  a  vessel  by  the  application  of  a 
ligature — the  coagulum  at  once  completely  fills  the  vessel, 
and  as  it  becomes  firmer  it  maintains  a  more  or  less 
uniform  structure.  Thrombi,  however,  which  have  under- 
gone a  slow  and  gradual  formation,  are  rarely  thus 
uniform  in  structure,  but  are  made  up  of  numerous  con- 
centric layers,  and  so  present  a  stratified  appearance. 
This  is  owing  to  the  coagulation. taking  place  gradually 
upon  the  inner  surface  of  the  vessel,  and  to  the  white 
corpuscles  adhering  to  the  successive  layers  of  coagulum. 
These  corpuscles,  from  the  property  which  characterises 
them  of  adhering  to  one  another  and  to  the  sides  of  the 
vessels,  and  especially  to  any  porous  substances  with  which 
they  may  come  in  contact,  cohere  with  the  fibrinous  layers 
as  they  are  deposited ;  so  that  ultimately  the  thrombus  is 
made  up  of  layers  of  fibrinous  coagulum  and  white 
corpuscles  more  or  less  alternately  and  concentrically 
arranged.    This  gives  to  it  a  stratified  appearance. 

The  thrombus  may  completely  or  only  partially  fill  the 
cavity  of  the  vessel.  In  most  cases,  however,  when  coagu- 
lation has  commenced,  it  proceeds  until  the  vessel  is 
obstructed,  and  when  once  this  has  occurred,  the  forma- 
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tion  of  the  thrombus  continues  to  extend  in  the  course  of 
the  vessel  until  it  meets  with  a  current  of  blood  strong 
enough  to  arrest  its  progress.  Its  ultimate  extent  will 
thus  mainly  depend  upon  the  vessel  in  which  it  is  formed, 
upon  the  size  and  situation  of  the  collateral  branches, 
and  upon  the  force  of  the  circulating  current.  The 
direction  in  which  the  coagulation  principally  extends, 
whether  in  the  arteries  or  veins,  is  consequently  back- 
wards, from  vessels  of  smaller  to  those  of  larger  calibre  ; 
the  formation  of  the  thrombus  continuing  until  it  meets 
with  a  current  sufficiently  strong  to  restore  the  circula- 
tion, which  in  many  cases  is  as  far  as  the  entrance  of 
the  next  large  collateral  vessel.  The  end  of  the  thrombus 
next  the  heart  is  rounded  and  conical  in  shape.  (See 
Fig.  129,  c.) 

The   thrombus  when  once  formed  either  becomes 
organised  or  softens. 

Organisation— This  is  most  frequent  in  the  uniform 
non-stratified  thrombi,  and  especially  in  those  occurring 
in  arteries.  The  process  consists  in  the  gradual  transfor- 
mation of  the  thrombus  into  connective  tissue.  A 
thrombus  which  is  undergoing  a  process  of  organisation 
gradually  diminishes  in  size,  it  becomes  more  and  more 
decolorised,  firmer  and  more  fibrous  in  consistence,  its 
union  with  the  wall  of  the  vessel  becomes  more  intimate, 
and  ultimately  it  becomes  converted  into  a  fibro-cellulaf  ^v 
cord.  These  changes  are  probably  principally  owing  to 
the  white  blood-corpuscles  which  it  contains. 

Soon  after  the  formation  of  the  thrombus  the  number 
of  youag  cells  in  it  becomes  greatly  increased.  In  a 
somewhat  more  advanced  stage  the  red  blood-corpuscles 
almost  entirely  disappear,  the  clot  becomes  firm  and 
homogeneous,  and  in  addition  to  the  small  round 
elements,  numerous  anastomosing  spindled-shaped  cells 
make  their  appearance.  (Fig.  127.)  The  intercellular 
material  then  becomes  fibrillated,  the  walls  of  the  vessel 
become  infiltrated  with  cells,  and  numerous  new  blood- 
vessels are  formed  which  intersect  the  thrombus  in  all 
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directions.  These  vessels  communicate  with  the  cavity 
of  the  thrombosed  vessel,  and  with  its  vasa  vasorum. 


Section  of  an  Arterial  Thromhm  Thirty-seven  Days  Old 
a.  New  blood-vessels.  6.  Leucocytes  and  anastomosine 
cells.    (Eindfleisch.)  ^ 

(Fig.  128.)  The  vascular  fibrillated  structure  into  which 
the  thrombus  has  become '  organised  gradually  undergoes 
a^  process  of  atrophy  and  contraction,  the  new  vessels 
disappear,  and  ultimately  it  becomes  converted  into  a 
fibro-cellular  cord.  In  some  cases  it  becomes  calcified, 
and  thus  forms  a  phlebohth. 

Eespecting  the  source  from  which  the  large  number  of 
new  cells  which  make  their  appearance  in  the  thrombus 
are  derived — it  appears  to  be  probable  that  they  originate 
partly  from  the  white  blood-corpuscles,  and  partly  from 
the  endothelial  and  connective-tissue  cells  belonging  to 
the  walls  of  the  vessel.    Eecent  researches  tend  to  show 
that  the  endothelium  takes  a  prominent  part  in  the 
process.    Whether,  however,  they  are  all  of  them  the 
offspring  of  these  elements,  or  whether  some  of  them 
may  not  be  leucocytes  which  have  penetrated  from  with- 
out, is  unknown.    From  these  small  cells  the  elongated 
connective-tissue  cells  are  produced.    The  exact  source 
from  which  the  fibrillated  intercellular  material  is  de- 
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riyed— whether  the  intercellular  coagulum  itself  fibrillates, 
or  whether  it  disappears  and  the  fibres  are  derived  from 
the  protoplasm  of  the  cells— is  uncertain. 

Fig.  128. 


Longitudinal  Section  of  the  Ligatured  End  of  the  Crural 
Artery  of  a  Dog,  fifty  Days  after  the  Application  of  the 
Ligature.  Showing  the  newly-foi-med  vessels  in  the 
thrombus  and  their  communication  with  the  vasa  vaso- 
injm.  Th.  Thrombus.  M.  Muscular  coat.  Z.  External 
coat  and  vasa  vasorum.    x  20.  (O.Weber.) 

Softening. — If  the  thrombus  does  not  become  organised, 
it  usiially  undergoes  a  process  of  softening  and  lique- 
faction. This  is  most  common  in  stratified  thrombi,  and 
especially  in  those  occurring  in  the  veins  and  heart.  It 
is  probable  also  that  in  some  cases  the  thrombus  may 
become  completely  absorbed;  a  partial  absorption  is 
quite  frequent.  The  softening  usually  commences  in 
the  centre  of  the  clot,  and  gradually  extends  towards  the 
circumference.    The  thrombus  breaks  down  into  a  soft 
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ptill^y  material,  wliicli  sometimes  has  the  appearance  of 
pounded  cooked  meat,  and  in  otlier  cases  to  the  naked 
eye  looks  much  like  pus.  Under  the  microscope,  how- 
ever, it  is  seen  to  consist  merely  of  albuminous  granules, 
miolecular  fat,  and  more  or  less  altered  red  and  white 
blood-corpuscles.  These  changes  in  the  clot  are  owing 
simply  to  its  disintegration  ;  but  it  is  probable  that  in 
some  quite  exceptional  cases  the  thrombus  may  sup- 
j)urate,  and  that  owing  to  the  proliferation  of  the  white 
blood-corpuscles  which  it  contains  it  may  become  con- 
verted into  true  pus.  Pus,  it  must  be  remembered,  may 
also  enter  the  softened  thrombus  from  without.  The 
whole  of  the  thrombus  may  thus  become  softened,  or  the 
process  may  be  limited  to  the  more  central  portions, 
whilst  the  external  layers  become  organised.  Very  fre- 
quently as  the  older  portions  of  the  clot  are  becoming 
disintegrated  and  softened,  fresh  coagulation  takes  place 
at  its  extremities. 

Thrombi  may  also  become  perforated  by  openings 
through  which  the  circulation  is  re-established.  This 
may  occur  in  organised  or  partially  softened  thrombi, 
and  constitutes  what  is  known  as  canalization  of  the 
thrombus. 

Causes. — -The  causes  of  thrombosis  are  of  two  kinds — 
those  which  lead  to  a  retardation  of  the  blood-flow,  and 
those  in  which  there  is  some  abnormal  condition  of  the 
walls  of  the  vessels  or  of  the  blood. 

1.  Thrombosis  from  Retardation  of  the  Blood-flow  may 
result  from — 

a.  Interruption  or  narrowing  of  the  vessel. — This  occurs 
after  the  application  of  a  ligature.  Coagulation  com- 
mences at  the  point  of  contact,  and  extends  as  far  as  the 
first  large  collateral  branches,  thus  permanently  closing 
the  vessel.  The  laceration  of  the  inner  coat  of  the  artery 
by  the  ligature,  and  the  folds  into  which  it  is  thrown, 
contributes  very  materially  to  the  adhesion  of  the  clot. 
The  pressure  exercised  by  tumours,  cicatricial  tissue, 
extravasations  of  blood,  and  the  closure  of  a  vessel  by 
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the  impaction  of  an  embolus,  may  m  the  same  way  by 
impeding  or  arresting  the  circulation  cause  thrombosis 
General  obstruction  in  the  capillaries  of  a  part  also  causes 
coagulation  in  the  adjacent  veins. 

B  Solution  of  the  continuUy  of  the  vessel— The  torma- 
tion  of  a  thrombus  after  the  division  or  tearmg  of  a  vessel 
constitutes  the  means  by  which  haemorrhage  is  imme- 
diately arrested-there  must  be  either  thrombosis  or  con- 
tinuous haemorrhage.  In  the  arteries,  the  severed  end  of 
the  vessel  contracts  and  retracts  within  its  sheath,  coagu- 
lation commences  around  it  and  extends  upwards  as  iar 
as  the  first  large  collateral  branch.  In  the  veins  hemor- 
rhage is  frequently  arrested  by  the  valves,  and  the  forma- 
tion of  a  thrombus  will  evidently  depend  upon  the  rela- 
tive situations  of  the  valves  and  collateral  vessels.  The 
haemorrhage  from  the  uterus  after  the  separation  of  the 
placenta  is  arrested  either  by  uterine  contraction  or  by 
thrombosis. 

y.  Dilatation  of  the  vessels,  or  of  the  heart— The  most 
familiar  example  of  thrombosis  from  this  cause  is  that 
which  occurs  in  an  aneurism.  The  greater  the  amount  of 
dilatation  the  greater  is  the  retardation  of  the  blood-flow. 
The  coagulation  commences  at  the  sides  of  the  vessel,  and 
may  extend  untH  it  completely  fills  the  cavity.  Coagula- 
tion from  the  same  cause  is  not  uncommon  in  the  dilated 
plexuses  of  the  prostate  gland.  In  the  heart,  thrombosis 
is  most  frequent  in  the  auricles.  It  usually  commences 
in  the  auricular  appendix,  where  there  is  very  little  pro- 
pulsive power,  and  it  may  gradually  extend  into  the  auri- 
cular cavity.  It  is  also  met  with  in  the  ventricles,  com- 
monly commencing  here  between  the  columns  earner. 

8.  Diminished  cardiac  ^ower.— This  is  a  common  cause 
of  thrombosis  in  the  veins.  The  coagulation  commences 
just  behind  the  flaps  of  the  valves,  from  which  it  gradually 
extends  into  the  cavity  of  the  vessel.  This  appears  to  be 
owing  to  the  force  of  the  current  not  being  suffiiciently 
strong  to  completely  open  the  valves,  and  the  blood  con- 
sequently stagnates  and  coagulates  behind  them.  The 
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crural  and  iliac  veins,  the  venous  plexuses  of  the  back, 
and  the  cerebral  sinuses,  are  the  situations  in  which 
thrombosis  from  this  cause  is  most  frequently  met  with. 
It  occurs  in  the  course  of  many  chronic  exhausting  dis- 
eases in  which  the  cardiac  power  becomes  diminished,  and 
is  especially  frequent  in  phthisis,  cancer,  &c.  The  state 
of  the  blood,  which  often  has  an  abnormal  tendency  to 
coagulate,  together  with  the  quiescent  condition  of  the 
patient,  materially  aid  in  causing  the  coagulation. 

2.  Thromhosis  from  Abnormal  Conditions  of  the  Vessels 
or  of  the  Blood. 

a.  Causes  in  the  vessels.— Any  abnormal  condition  of 
the  walls  of  a  vessel  may  be  a  cause  of  thrombosis.  When 
the  wall  becomes  abnormal  it  actb  as  a  foreign  body  and 
the  blood  coagulates  upon  it,  and  it  may  continue  to  do  so 
until  the  cavity  of  the  vessel  becomes  filled  with  coagulum. 
Thrombi  produced  in  this  way  are  consequently  stratified. 
The  walls  of  a  vessel  may  become  altered  as  the  result  of 
inflammatory  processes,  and  inflammation  was  formerly 
regarded  as  the  main,  if  not  the  only,  cause  of  thrombosis ; 
hence  thrombosis  in  veins  is  frequently  termed  "ijhle- 
bitis"  even  at  the  jDreseut  day.  Inflammation  of  veins, 
as  already  stated,  is  certainly  rare  as  a  primary  condi- 
tion, although  it  not  unfrequently  results  from  the  forma- 
tion of  a  thrombus.  When  occurring  primarily,  inflam- 
matory processes,  both  in  the  arteries  and  the  veins,  have 
their  seat  in  the  external  and  middle  coats  or  in  the 
deeper  layers  of  the  intima.  They  never  commence  in 
the  lining  membrane  of  the  vessel  :  this  only  becomes 
affected  secondarily.  The  vitality  of  the  lining  membrane 
becomes  impaired  as  the  result  of  the  inflammator}'  j^ro- 
cess,  and  when  this  has  occurred  it  acts  as  a  foreign 
body,  and  thus  there  is  a  tendency  for  the  blood  to 
coagulate  upon  its  surface.  In  other  cases  the  lining 
membrane  is  completely  destroyed,  and  the  subjacent 
diseased  tissues  thus  come  into  contact  with  the  cii'cu- 
lating  blood,  and  in  the  same  way  cause  the  formation 
of  a  thrombus.     Such  inflammatory  changes  occur  in 
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the  arteries,  constituting  the  condition  known  as  "  athe- 
roma," which,  in  the  smaller  vessels,  may  be  a  cause  of 
thrombosis.  In  the  heart  they  constitute  endocarditis; 
and  here  also,  as  has  been  seen,  coagulation  may  take 
place  upon  the  abnormal  surface  of  the  inflammatory 
vegetations.    (See  "  Endocarditis.") 

The  walls  of  a  vessel  may  also  become  altered,  and  thus 
thrombosis  result,  from  inflammation  or  gangrene  of  the 
tissues  in  which  it  is  situated.  The  vitality  of  the  vessel 
becomes  destroyed  and  the  blood  coagulates  within  it ; 
and  by  this  means  the  occurrence  of  hsemorrhage  is  fre- 
quently prevented.  The  projection  of  new  formations,  as 
sarcoma,  into  the  cavity  of  vessels,  may  in  the  same  way 
cause  the  formation  of  a  thrombus. 

/3.  Causes  in  the  blood. — There  can  be  no  doubt  that 
certain  conditions  of  the  blood  favour  coagulation,  and 
consequently  tend  to  promote  the  occurrence  of  throm- 
bosis.   The  phenomenon  of  blood-coagulation  has  been 
shown  by  Professor  A.  Schmidt  to  depend  upon  the 
white  blood-corpuscles,  and  it  is  well  known  that,  under 
certain  circumstances,  an  increase  in  the  number  of  these 
corpuscles  in  the  blood  favours  the  formation  of  thrombi. 
Such  an  increase  is  frequently  met  with  in  inflammatory 
processes  which  involve  largely  the  lymphatic  organs 
(leucocytosis).    It  is  probable  that  other  conditions  of 
the  blood,  such  as  a  loss  of  its  serum,  and  alterations 
produced  by  fevers  and  by  septic  poisons,  may  also  favour 
coagulation.    (See  "  Septictemia.")    An  increased  ten- 
dency of  the  blood  to  coagulate  has  long  been  known  to 
exist  in  many  acute  inflammatory  diseases,  and  in  the 
latter  months  of  pregnancy. 

An  increased  tendency  of  the  blood  to  coagulate,  to 
whatever  circumstances  it  may  be  due,  is,  however, 
probably  never  sufEcient  in  itself  to  determine  the  forma- 
tion of  a  thrombus ;  it  can  hence  only  be  regarded  as  a 
predisposing  cause.  It  is  especially  in  those  conditions 
in  which  the  circulation  is  impeded  from  diminished 
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cardiac  power,  that  it  becomes  an  important  agent  in 
producing  thrombosis. 

Eesults. — The  results  of  thrombosis  comprise  certaia 
changes  in  the  walls  of  the  vessels,  more  or  less  obstruc- 
tion to  the  circulation,  and  embolism.  These  must  be 
considered  separately, 

1.  Changes  in  the  vessels. — More  or  less  alteration  in 
the  wall  of  the  vessel  is  an  invariable  consequence  of  the 
formation  of  a  thrombus.  When  the  thrombus  under- 
goes a  process  of  organisation,  it  becomes,  as  already- 
described,  intimately  united  with  the  vascular  wall.  The 
latter  in  the  first  place  becomes  infiltrated  with  cells  and 
considerably  thickened,  but  ultimately,  together  with  the 
thrombus,  gradually  atrophies.  It  is  when  the  thrombus 
softens  and  becomes  disintegrated  that  the  most  impor- 
tant changes  take  place  in  the  vessel.  These  changes  are 
of  an  acute  inflammatory  nature,  and  appear  to  result 
from  the  irritating  influence  of  the  softened  thrombus. 
They  are  most  frequently  observed  in  the  veins,  where 
softening  is  most  liable  to  occur. 

The  walls  of  a  vein  within  which  a  thrombus  is  soften- 
ing are  considerably  thickened,  so  that  the  vessel  more 
resembles  an  artery.  The  inner  surface  has  lost  its; 
translucency,  and  is  of  a  dead  opaque  colour.  The  vasa  . 
vasorum  are  hyperfemic.  Under  the  microscope,  the: 
cells  of  the  intima  and  of  the  middle  and  external  coats  ■ 
are  found  to  be  considerably  increased  in  number,  and  1 
numerous  leucocytes  are  seen  infiltrating  the  difi"erent: 
textures.  In  some  cases  small  collections  of  pus  are  seen  i 
in  the  external  coats.  Similar  changes  are  observed  in  i 
the  arteries. 

In  these  acute  inflammatory  changes  which  are  pro- 
duced in  veins  by  thrombi,  proliferation  of  the  endothe- 
lium of  the  vessel  often  appears  to  play  a  prominent  part. . 
As  already  stated,  in  inflammation  of  vessels  not  resulting  - 
from  thrombosis,  the  endothelium  undergoes  no  active 
changes. 

2.  Obstruction  to  the  ciraulation.—The  consequences  otf 
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the  obstruction  to  the  circulation  which  results  from  the 
formation  of  a  thrombus  will  depend  upon  the  rapidity  of 
its  formation,  the  nature  and  size  of  the  vessel  obstructed, 
the  situation  and  n^^mber  of  the  collateral  branches,  and 
the  force  of  the  circulating  current.    When  a  thrombus 
forms  in  a  vein  of  small  size  and  there  are  numerous 
collateral  vessels,  as  in  the  prostatic  or  uterine  plexuses, 
the  circulation  is  but  little  interfered  with  and  no  symp- 
toms of  obstruction  result.    If,  however,  the  main  trunk 
of  a  large  vein  becomes  obliterated,  as  that  of  the  femoral 
or  iliac  veins,  the  obstruction  is  followed  by  hyperemia, 
the  extent  and  duration  of  which  will  depend  upon  the 
facility  with  which  the  circulation  can  be  restored  by  the 
collateral  vessels.    Thrombosis  in  the  above-named  veins 
frequently  occurs,  as  already  stated,  in  the  latter  stages 
of    many  chronic  debilitating  diseases,   especially  in 
phthisis  ;  also  in  the  puerperal  state,  where  it  gives  rise 
to  the  condition  known  as  phlegmasia  dolens.    The  for- 
mation of  a  thrombus  here  is  followed  by  oedema  and 
swelling  of  the  limb,  which  becomes  tense,  elastic  and 
painful.    In  the  early  stage  there  may  be  some  cyanosis, 
but  this  is  usually  quickly  followed  by  a  pallid  whiteness 
of  the  surface.    There  is  often  more  or  less  tenderness  in 
the  course  of  the  vein,  which  feels  enlarged,  hard,  and 
knotted,  owing  to  the  secondary  inflammatory  changes 
in  its  walls.     At  the  same  time  there  is  sometimes 
swelling  and  tenderness  of  the  lymphatics,  which  may  be 
seen  as  red  lines  traversing  the  limb.    Diffuse  inflamma- 
•  tion  of  the  skin  and  subcutaneous  cellular  tissue  occasion- 
ally occurs.    These  changes  are  owing  partly  to  the 
mechanical  impediment  to  the  circulation,  and  partly  to 
the  obstruction  of  lymphatics   and  to  the  secondary 
inflammatory  processes  in  the  vein  and  tissues  which 
ensue.    The  circulation  is  usually  ultimately  restored; 
but  i£  the  impediment  has  been  of  long  duration,  the 
tissues  become  thickened,  and  the  limb  is  left  in  a  hard, 
indurated,  and  somewhat  enlarged  condition. 

The  formation  of  a  thrombus  in  an  artery  is  followed 
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in  tte  first  place  by  anaemia  of  the  parts  supplied  by  it ; 
tbe  ultimate  result  will  depend  upon  the  facility  with 
which  the  circulation  can  be  restored  by  the  collateral 
vessels.  If  the  circulation  be  quickly  re-established,  as 
is  usually  the  case,  the  vitality  of  the  tissues  may  not 
become  impaired ;  but  if  not,  the  part  may  undergo  a 
process  of  molecular  disintegration  and  softening,  the 
softened  tissue  often  being  surrounded  by  a  zone  of 
hypergemia  which  results  from  the  attempt  to  estabUsh  a 
collateral  circulation. 

3.  Embolism. — Portions  of  the  thrombus  may  be  carried 
away  by  the  circulation,  thus  constituting  embolism. 
This,  which  is  the  most  important  result  of  thrombosis, 
will  be  considered  in  the  following  chapter.  ■ 


CHAPTER  XLV. 


EMBOLISM. 


Embolism  is  the  arrest  of  solid  substances  circulating  m 
the  blood  in  vessels  wHch  are  too  small  to  allow  them  to 
pass.  The  solid  substances  are  termed  emholi.  These 
are  very  various  in  their  nature. 

By  far  the  most  frequent  source  of  emboli  are  thrombi, 
portions  of  which  are  carried  from  the  seat  of  their  for- 
mation by  the  circulation,  and  become  arrested  in  distant 
vessels— thus  constituting  emboHsm.    A  thrombus  may 
give  rise  to  emboli  in  various  ways.    It  may  soften  and 
break  down,  and  if  the  lumen  of  the  vessel  be  thus  restored, 
its  fragments  become  distributed  by  the  blood-current.  In 
those  cases  in  which  the  thrombus  does  not  fill  the  vessel, 
portions  of  it  may  readily  be  carried  away  by  the  blood 
passing  over  it.  Perhaps,  however,  the  most  frequent  way 
in  which  a  thrombus  gives  rise  to  embolism  is  by  its  conical 
end  being  broken  ofi"  by  the  current  of  blood  from  a  col- 
lateral vessel.    The  formation  of  a  thrombus,  as  already 
described,  usually  ceases  opposite  the  entrance  of  a  large 
collateral  vessel,  and  if  its  conical  end  project  a  little  way 
into  the  cavity  of  this  vessel  it  may  be  readily  broken  off 
by  the  blood-current.   (Fig.  129.)    It  is  especially  venous 
thrombi  which  give  rise  to  embolism:  the  veins  of  the  leg, 
the  iliac,  hypogastric,  and  jugular  veins  being  amongst  the 
most  common  sources.    Emboli  from  cardiac  thrombi  are 
also  exceedingly  common,  whilst  those  from  arterial  are 
the  least  frequent.  In  embohsm  originating  in  thrombosis 
some  sudden  movement  or  exertion  often  determines  the 
separation  of  the  embolus. 
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Emboli  may,  however,  originate  independently  of 
thrombi: — vegetations  and  calcareous  or  atheromatous 
masses  separated  from  the  valves  of  the  heart,  or  from 


Fig.  129. 
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A  Tlirombus  in  the  Saplienovs  Vein.    Showing  the  pro-' 
jection  of  the  couical  end  of  the  thrombus  into  the 
femoral  vesseL    &  Saphenous  vein.     T.  Thrombus. 
C.  Conical  end  projecting  into  femoral  vein.    At  v  v,  opi- 
posite  the  valves,  the  thrombus  is  softened.  (A^chow.) 

the  inner  surface  of  arteries  ;  portions  of  new  growths,  as 
carcinoma,  which  having  perforated  the  vessels,  have  been 
carried  away  by  the  current;  parasites  which  have  made 
their  way  into  the  interior  of  vessels ;  pigment  grannles,- 
and  other  substances,  may  all  constitute  emboli. 

The  emboli  become  arrested  in  the  first  vessels  they 
meet  with  which  are  too  small  to  allow  them  to  pass : 
the  size  of  the  vessel  will  consequently  depend  upon  the 
size  of  the  embolus.  They  are  often  so  minute  that  they 
pass  into  and  become  impacted  in  the  smallest  capillaries.- 
The  seat  of  impaction  is  usually  at  the  bifurcation  of  the 
vessel,  or  where,  from  the  giving  ofi"  of  branches,  the 
calibre  is  diminishing  rapidly.  (See  Fig.  ISO.)  Thus 
emboli  originating  in  the  systemic  veins  or  in  the  right  i 
cardiac  cavities,  will  most  commonly  become  arrested  vsx  \ 
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the  vessels  of  tlie  lungs  ;  those  originating  m  the  arteries, 
the  left  cardiac  cavities,  or  the  pulmonary  veins— m  the 
systemic  arteries  and  capillaries,  especially  m  those  ot 
the  spleen,  kidneys,  and  brain;  and  those  originating  m 
the  portal  venous  system— in  the  hepatic  branches  of  the 
portal  vein.  In  some  cases,  however,  the  smallest  emboh 
may  pass  through  the  capillaries  of  the  lungs  and  become 
arrested  in  those  of  the  kidneys,  spleen,  or  other  organs. 
Thus,  with  the  exception  of  emboh  originating  in  the 
portal  vessels,  the  seat  of  arrest   is  the   arteries  or 

capillaries.  . 

The  emboli  are  usually  carried  in  the  direction  of  the 
main  current;  hence  those  carried  by  the  aortic  stream 
more  commonly  pass  into  the  thoracic  aorta  than  into 
the  carotid  and  subclavian  vessels,  and  into  the  left  carotid 
and  renal  artery  than  into  the  corresponding  arteries  of 
the  opposite  side.  Gravitation  also  influences  the  direc- 
tion in  which  they  are  carried,  especially  those  of  large 
size,  which  move  somewhat  more  slowly  than  the  blood- 
stream. Owmg  to  this  they  are  more  common  in  the 
lower  lobes  and  posterior  parts  of  the  lungs  than  in  the 
superior  and  anterior  portions  of  these  organs. 

The  embolus,  when  arrested,  may  either  completely  or 
only  partially  fill  the  cavity  of  the  vessel.  If,  as  is  fre- 
quently the  case,  the  arrest  takes  place  at  a  point  of 
bifurcation,  the  embolus  may  partially  till  both  branches, 
allowing  a  small  stream  of  blood  to  pass.  This  may 
break  off  portions  of  it,  and  so  cause  secondary  emboli, 
which  become  impacted  in  more  distant  vessels.  The 
amount  of  obstruction  which  immediately  follows  the 
arrest,  will  partly  depend  upon  the  nature  of  the  embolus 
itself.  If  the  embolus  be  from  a  soft,  recently  formed 
thrombus,  it  will  adapt  itself  to  the  cavity  of  the  vessel, 
and  so  completely  occlude  it.  If,  on  the  other  hand,  it  is 
irregular  in  shape  and  firm  in  consistence,  as  when  derived 
from  a  calcified  cardiac  vegetation,  it  may  not  fill  the 
vessel,  but  allow  a  small  current  of  blood  to  pass  it. 
The  arrest  of  the  embolus  and  the  consequent  obstruc- 
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tion  to  the  circulation,  is  followed  by  the  formation  of 
thrombi  behind  and  in  front  of  it,  which  extend  as  far  as 
the  entrance  of  the  first  large  collateral  vessels.  (Fig.  130.) 
If  the  embolus  does  not  completely  fill  the  vessel,  coagulum 
is  deposited  in  successive  layers  upon  its  surface  until  the 
occlusion  of  the  vessel  is  complete,  and  then  the  secondary 


Fig.  130. 


Embolus  impacted  at  the  Bifurcation  of  a  Branch 
of  the  Pulmonary  Artery.  Shomcg  the  foimation 
of  thrombi  behind  and  in  front  of  it,  and  the  ex- 
tension of  these  as  far  as  the  entrance  of  the  next 
collateral  vessels.  E.  Embolus.  1 1'.  Thronabi. 
(Virchow.) 

thrombus  extends,  as  in  the  former  case,  until  it  meets 
with  a  current  of  blood  strong  enough  to  arrest  its  pro- 
gress. If  the  embolus  is  a  portion  of  a  soft  thrombus,  it 
will  in  most  cases  be  impossible  to  distinguish  it  from  the 
secondary  thrombus  which  surrounds  it.  If,  however,  it 
is  a  calcareous  mass,  or  a  portion  of  an  old  thrombus, 
it  may  usually  be  distinguished  from  the  more  recent 
secondary  coagulum. 

Emboli  may,  in  rare  cases,  become  absorbed.  They 
may  also,  when  derived  from  thrombi,  become  organised 
or  soften.  The  changes  in  the  secondary  thrombi  are 
similar  to  those  already  described  as  occurring  in  the 
primary, — comprising  adhesion  to  the  wall  of  the  vessel, 
softening,  and  organisation. 
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EESULTS.-Tlie  results  of  embolism  are  of  two  W  - 
those  depending  upon  the  mechamcal  obstruction  to  the 
circulation,  and  those  produced  by  the  ^'"^ee 
infective  properties  of  the  emboh  themselves.  (See 

"  ^raCfL  the  Olstruded  Vessels.-The  first  series  of 
changes' are  those  occurring  in  the  walls  of  the  vesse 
within  which  the  embolus  becomes  arrested.  _  Ihese 
chances  depend  upon  the  mechanical  and  chemical  pro- 
perties of  the  embolus.    If  the  embolus  possesses  no  in- 
fective properties,  being  derived  from  ^.^«o^^°«  ^^^^^^.^^ 
putrefactive  changes  are  taking  place,  it,  together  with 
the  thrombus  wHch  it  causes  to  form  around  and  beyond 
it,  usually  becomes  organised  or  reabsorbed,  and  the 
walls  of  the  vessel  become  more  or  less  thickened.    Ur,  it 
the  embolus  has  rough  surfaces,  as  when  derived  from  a 
calcareous  vegetation  in  the  heart,  it  may  produce  some 
inflammation  of  the  vessel.   When,  on  the  other  hand 
the  embolus  is  impregnated  with  unhealthy  pus  or  with 
other  putrid  inflammatory  products,  it  is  very  liable  to 
cause  gangrenous  inflammation  and  sloughing  of  the  walls 
of  the  vessel  within  which  it  is  impacted,  which  may 
extend  for  some  distance  into  the  surroundmg  tissues. 

The  vessels  also  undergo  important  changes,  owing  to 
the  arrest  of  the  cii-culation.    These  changes  l^ave  been 
investigated  by  Cohnheim,  and  have  already  been  alluded 
to  in  the  chapter  on  « Inflammation."    Cohnheim  found 
that  the  exclusion  of  the  blood  from  a  vascular  region  tor 
a  suf&cient  length  of  time  produced  so  much  impairment 
of  the  vitality  of  the  vascular  walls,  that  when  the  blood 
was  a<.ain  allowed  to  circulate,  the  vessels  dilated,  the 
blood-flow  was  retarded,  and  the  liquor  sanguinis  and 
red  and  white  blood-corpuscles  escaped  into  the  sur- 
rounding tissues.    An  arrest  of  the  circulation  for  a  still 
longer  period  was  foUowed  by  capillary  haemorrhages, 
and  ultimately  by  necrosis  of  the  vessel. 

Allusion  must  be  made  here  to  embolism  as  a  cause  ot 
aneurism.    That  aneurisms,  especially  of  the  cerebral 


406    CHANGES  IN  THE  BLOOD  AND  CIECULATION. 


arteries  in  youtig  people,  are  often  due  to  embolism  is 
now  pretty  generally  admitted  by  pathologists.  With 
regard  to  the  mode  in  which  the  embolus  causes  dilata- 
tion of  the  artery,  although  this  may  differ  in  different 
cases,  an  injurious  influence  of  the  embolus  upon  the 
walls  of  the  artery,  and  a  consequent  inflammatory 
softening  of  the  vessel,  is  probably  the  most  common 
condition. 

Changes  in  the  Organ. — Important  changes  take  place 
in  the  organ  or  tissue,  the  vessels  of  which  have  become 
plugged  by  the  embolus.  The  first  effect  of  the  plugging 
of  a  vessel  by  an  embolus,  is  the  arrest  of  the  circulation 
'  through  it,  and  if  the  vessel  be  the  main  nutrient  or 
functional  artery,  this  is  followed  by  the  sudden  cessa- 
tion of  the  function  and  nutrition  of  the  part.  Thus, 
plugging  of  one  of  the  larger  arteries  in  the  brain  is  fol- 
lowed hj  sudden  loss  of  consciousness  and  paralysis 
(apoplexy) ;  plugging  of  the  pulmonary  artery,  by  sudden 
asphyxia;  and  of  the  coronary  arteries,  by  sudden 
paralysis  of  the  heart.  The  subsequent  changes  will 
dej)end  upon  the  structure  of  the  organ,  the  arrangement 
of  its  vessels,  the  facihty  with  which  a  collateral  cii-cula- 
tion  can  be  established,  and  the  nature  of  the  embolus. 
If  -the  circulation  be  quickly  restored  by  the  collateral 
vessels,  a  sufficient  arterial  anastomosis  being  established 
behind  the  obstructed  artei-y,  the  part  recovers  itself 
without  undergoing  any  structural  change,  and  its  nutri- 
tion and  functions  are  restored.  If,  however,  this  is  not 
the  case,  the  walls  of  the  obstructed  vessels  become  so  much 
damaged  that  exudation  and  emigration  take  place,  and  the 
vessels  and  surrounding  tissues  may  ultimately  lose  their 
vitality.  The  interference  with  the  circulation  is  partly 
due  to  the  thrombosis  which  occurs  around  the  impacted 
embolus.  The  organs  in  which  the  arrangement  of  the 
blood-vessels  is  such  that  the  circulation  cannot  be 
readily  restored  by  the  anastomosing  vessels,  and  conse- 
quently those  in  which  necrotic  changes  most  commonly 
result  from  embolism,  are  the  spleen,  the  kidneys,  the 
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langs,  the  brain,  and  the  retina.  These  arte^^W 
which  anastomoses  do  not  exist  are  called  by  Cohnheam 
"terminal"  arteries.  W^nrl  has 

The  area  of  tissne  from  which  the  snpply  of  blood  has 
been  cut  off  is  usually  surrounded  by  a  zone  of  intense 
hypereemia,  wHch  results  fi'om  the  stress  which  is  thrown 
upon  the  collateral  vessels.    This  zone  of  hyperemia  is 
very  characteristic,  and  indicates  at  once  the  nature  o 
the  lesion.    When,  owing  to  the  absence  of  sufficient 
arterial  anastomosis  (when  terminal  arteries  are  blocked) 
the  circulation  cannot  be  restored,  the  vessels  m  the 
embohc  area  become  so  much  altered  tha,t  exudation, 
emic^ration,  and  haemorrhage  take  place,  and  thus  is  pro- 
duced a  tract  of  tissue  within  which  the  circuMion  has 
become  arrested,  and  which  is  more  or  less  extensively 
infiltrated  with  blood.   This  is  known  as  a  Immorrhagio 

infarct.  „ 

These  hjemorrhagic  infarcts  are  very  frequently  met 
with,  especially  in  the  lungs,  spleen,  and  kidneys,  ihey 
are  blackish-red,  firm  masses  of  consolidation,  and  owing 
to  the  distribution  of  the  blood-vessels  they  are  usually 
wedge-shaped,  the  apex  of  the  cone  being  towards  the 
centre  of  the  organ.  The  more  complete  the  obstruction 
and  the  more  vascular  the  tissue,  the  greater  is  the 
amount  of  infarction,  and  the  more  rapid  is  the  softening 
and  disintegration  that  ensues.    (Fig.  131.) 

THs  vascular  engorgement  of  the  embolic  area  was  for- 
merly supposed  to  be  due  to  the  increased  stress  which  is 
thrown  on  the  collateral  vessels.   The  investigations  of 
Cohnheim,  however,  show  that  it  is  really  mainly  owing 
to  the  impairment  of  the  vitality  of  the  walls  of  the 
blood-vessels,  and  the  consequent  exudation,  emigration, 
and  ultimate  necrosis  of  the  vascular  walls.    When  the 
force  of  the  blood-stream  in  the  artery  is  annihilated  by 
the  impaction  of  the  embolus  there  is  a  backward  pres- 
sure and  regurgitation  from  the  veins  into  the  capillaries, 
so  that  there  is  produced  considerable  venous  engorge- 
ment of  the  last-named  vessels.   There  is  thus  a  substi- 
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tution  in  the  capillaries  and  small  arteries  of  venous  for 
arterial  blood,  and  owing  to  this  the  vitality  of  these 
vessels  becomes  impaired,  and  haemorrhage  results.  The 


Diagram  of  a  ScBmorrharjic  Infarct,  a.  Artery  obli- 
terated by  an  embolus  (c).  v.  Vein  filled  witli  a  secondary 
thrombus  (ih).  1.  Centre  of  infarct  wMcb  is  becoming  dis- 
integrated. 2.  Area  of  extravasation.  3.  Area  of  colla- 
teral hypersemia.    (0.  Weber.) 

infarction  consequently  does  not  occur  immediately  after 
the  impaction  of  the  embolus,  but  only  after  the  lapse  of 
a  certain  time. 

The  subsequent  changes  which  take  place  in  the  infarct 
depend  upon  its  size,  upon  the  extent  to  which  the  circu- 
lation in  it  is  interfered  with,  and  upon  the  nature  of  the 
embolus  which  caused  the  infarction.  If  the  infarct  is 
small  and  the  embolus  possesses  no  infective  properties, 
the  coagulated  blood  may  gradually  become  decolorised, 
and  the  mass  undergo  a  gradual  process  of  absorption. 
The  infarct  then  changes  from  a  dark  red  to  a  brown  or 
yellow  tint,  its  more  external  portions  become  organised 
into  connective  tissue,  and  the  whole  graduall}'^  contracts, 
until  ultimately  a  cicatrix  may  be  all  that  remains  to 
indicate  the  change.    If,  however,  the  infarction  is  con- 
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siderable,  the  molecular  disintegration  and  softening  may 
be  so  extensive  as  to  convert  the  mass  mto  a  pulpy 
granular  material.  This  may  subsequently  dry  up  and 
become  encapsuled.  In  all  these  secondary  changes 
which  talve  place  in  the  infarct,  its  most  external  portions 
are  surrounded  by  a  red  zone  of  hyperasmic  tissue.  This 
is  exceedingly  characteristic. 

If  an  embolus  possesses  irritating  or  infective  proper- 
ties, as  when  it  is  derived  from  a  part  where  putrefactive 
inflammatory  changes  are  going  on,  it  sets  up  inflamma- 
tory processes  both  in  the  vessel  within  which  it  becomes 
impacted,  and  also  in  the  surrounding  tissues.  These 
inflammatory  changes  frequently  lead  to  the  formation 
of  abscesses,  which  are  known  as  embolic  abscesses.  (See 
«'  PyEBmia.")  The  formation  of  such  abscesses  may  be 
associated  with  more  or  less  infarction  of  the  emboHc 


area. 


THEOHBOSIS  AND  EMBOLISM  OIT  THE  BRAIN. 

Thrombosis  and  embohsm  are  the  most  common  causes 
of  cerebral  softenings. 

Softening  from  Thrombosis.— This  is  commonly  the 
result  of  atheromatous  or  calcareous  changes  in  the  cere- 
bral arteries.    Such  changes  cause  a  diminution  in  the 
lumen  or  a  roughening  of  the  lining  membrane  of  the 
vessels,  impair  their  elasticity  and  contractility,  and  so 
favour  the  occurrence  of  thrombosis.    As  a  result  of  the 
interference  with  the  supply  of  blood,  the  cerebral  sub- 
stance undergoes  a  more  or  less  rapid  process  of  fatty 
degeneration  and  softening,  such  as  has  been  already 
described.    (See  "  Eatty  Degeneration  of  the  Brain.") 
The  softened  portions  when  recent,  and  when  the  ob- 
struction is  rapidly  induced,  are  often  of  a  reddish  colour, 
although  with  age  they  gradually  become  decolorised. 
In  the  more  gradually  induced  obstructions  the  colour  of 
the  softened  tissue  is  usually  white. 

Softening  from  Embolism.— The  softening  resulting 
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from  embolism  is,  for  the  most  part,  entirely  dependent 
upon  the  obstruction  to  the  circulation  caused  by  the 
embolus  and  by  the  resulting  thrombosis.  It  is  rapidly 
induced  and  is  often  attended  by  the  extravasation  of 
blood,  when  it  constitutes  one  form  of  acute  red  soften- 
ing. If  the  interference  with  the  circulation  be  slight, 
there  may  be  no  extravasation  of  blood  and  the  process 
of  disintegration  may  be  more  gradual,  so  that  the 
softened  portions  are  white  iu  colour,  and  the  condition 
then  more  resembles  the  chronic  white  softening  already 
described  as  resulting  from  degeneration  of  the  cerebral 
blood-vessels.  (See  "  Fatty  Degeneration  of  the  Brain.") 
The  softened  tissue  will  also  be  white  in  colour  when  one 
of  the  large  vessels  is  obstructed,  so  that  a  large  portion 
of  one  hemisphere  loses  its  vitality.  The  vessel  most 
frequently  blocked  is  the  middle  cerebral  artery,  in  some 
part  of  its  course ;  and  in  the  majority  of  cases  it  is  that 
of  the  left  side.  In  almost  all  cases  in  which  softening 
of  the  cerebral  substance  results  from  embohsm,  the 
embolus  is  arrested  in  one  of  the  vessels  beyond  the 
circle  of  Willis,  because  here  the  circulation  cannot  be 
readily  restored  by  the  collateral  vessels. 

When  the  interference  with  the  circulation  is  attended 
by  vascular  engorgement  and  extravasation  of  blood,  the 
softened  j)ortion,  in  the  early  stage,  is  either  of  a  uniform 
dark -red  colour,  or  presents  numerous  red  hEemorrhagic 
points.  The  softening  is  most  marked  in  the  centre, 
whilst  the  hyjDertemia  and  redness  may  extend  for  some 
distance  around  it.  Under  the  microscope,  the  softened 
portion  is  seen  to  consist  of  broken-down  nerve  fibres, 
altered  blood-corpuscles,  granules  of  fat,  and  the  large 
granular  corpuscles  which  result  from  the  fatty  degenera- 
tion of  the  nerve -cells  and  of  the  cells  of  the  neuroglia. 
(See  Fig.  II.)  The  sun-ounding  capillaries  are  dilated 
and  filled  with  coagula,  and  the  granular  corpuscles 
envelop  their  walls.  In  a  more  advanced  stage  all  trace 
of  nervous  structure  is  lost,  the  softened  mass  becomes 
decolorised,  and  passes  from  a  dark-red  colour  to  a  choco- 
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late,  brown,  yellow,  or  even  white.  It  may  liquefy  and 
form  a  cyst ;  more  commonly,  however,  it  gradually  dries 
up,  and  a  process  of  repair  takes  place  by  the  growth  of 
the  surrounding  neurogha,  which  forms  a  fibrous  net- 
work in  the  place  of  the  softened  tissue.  This  contracts, 
and  ultimately  a  cicatrix  with  htematoidin  crystals  may 
be  all  that  remains. 

Eed  softening  from  embolism  is  often  very  difficult  to 
distinguish  in  the  post-mortem  room  from  that  which 
results  from  thrombosis. 


CHAPTEK  XLVI. 


LECJKiEiMIA. 

LetjKjEMIa,  or  leucocytlisemia,  is  a  disease  characterised 
by  a  large  increase  in  the  ntimber  of  the  white  corpuscles 
in  the  blood,  which  increase  is  associated  with  a  new 
formation  of  lymphatic  tissue  in  the  spleen,  in  the 
lymphatic  glands,  and  sometimes  in  other  organs. 
Eespecting  the  relation  which  subsists  between  the 
new  growth  of  lymphatic  tissue  and  the  increase  in  the 
number  of  the  white  blood- coi-puscles — it  is  probable, 
as  stated  by  Virchow,  that  the  former  is  a  cause  of  the 
latter,  and  that  the  increase  is  mainly  due  to  a  larger 
number  of  lymphatic  elements  entering  the  blood  than 
in  health.  At  the  same  time  it  is  difficult  to  admit  this 
as  the  only  cause  of  the  increase,  as  new  growths 
of  lymphatic  tissue  may  take  place  in  these  organs 
without  the  production  of  any  leukEemia.  This  has 
been  seen  to  occur  in  Hodgkin's  disease.  It  is  pos- 
sible that  the  power  of  the  white  blood-corpuscles  and 
lymph-corpuscles  to  form  red  corpuscles  is  diminished,  or 
that  the  white  corpuscles  may  increase  by  multiplication 
in  the  blood.  The  pathology  of  the  disease,  however,  is 
still  obscure. 

The  new  formation  of  lymphatic  tissue  occurs  in  the 
spleen  or  in  the  lymphatic  glands ;  and  subsequently 
the  hver,  the  kidneys,  the  intestines,  the  lungs,  and  other  ■ 
oi-gans,  may  become  infiltrated  with  lymphatic  elements.  ■ 
The  growth  is  a  continuous  one,  the  new  elements  many 
of  them  enter  the  blood,  the  remainder,  not  undergoing  ; 
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any  retrogressive  changes,  give  rise  to  a  general  increase 
in  the  size  of  the  organs  in  which  they  are  generated. 

As  the  new  growth  may  occur  in  the  spleen  or  in  the 
lymphatic  glands,  Yirchow  has  distinguished  two  forms 
of  leuhasmia— the  splenic  and  the  lymphatic.  In  the 
former  the  wliite  blood-cells  are  somewhat  larger  and 
more  granular  than  normal  (Fig.  132) ;  whilst  in  the 


latter  they  are  smaller.  In  most  cases  of  the  disease, 
however,  the  spleen  is  the  organ  principally  involved. 
Often  the  spleen  and  the  lymphatic  glands  are  simul- 
taneously affected.  A  purely  lymphatic  leuksemia  is 
exceedingly  rare.  The  coagulating  power  of  the  blood 
in  leuhasmia  is  much  diminished,  and  when  the  liquid  is 
allowed  to  stand  tbe  white  corpuscles  form  a  creamy 
layer  upon  its  surface. 

In  the  spleen — which  must  thus  be  regarded  as  much 
the  most  important  organ  in  the  production  of  leu- 
kaemia— the  change  is  characterised  mainly  by  increased 
growth.  The  organ  becomes  enlarged,  and  often  enor- 
mously so.  Its  cut  surface  often  presents  an  almost 
natural  appearance.  The  trabeculje,  however,  are  usually 
thickened,  so  as  to  appear  as  white  lines  scattered 
through  the  organ;  and  the  Malpighian  corpuscles  are 
commonly  rather  large  and  prominent.  The  capsule  is  in 
many  cases  natural,  in  others,  more  or  less  thickened. 
Sometimes  the  cut  surface  is  mottled  with  pale  wedge- 
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Leulcmmic  Blood.  From  a  young  man, 
aged  twenty-four,  with  enormous  en- 
largement of  the  spleen,    x  200. 
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shaped  patches  which  appear  to  he  of  emboHc  origin. 
Under  the  microscope  the  splenic  tissue  is  seen  to  be 
but  Httle  altered,  the  principal  change  consisting  in  an 
over-fulness  of  the  blood-vessels  with  leukasmic  blood. 

In  the  lymjjhatic  glands  the  process  is  similar  to  that 
in  the  spleen,  and  the  glands  become  enlarged  and 
vascular. 

In  some  cases  this  excessive  development  of  lymphatic 
structures  takes  place  in  other  parts.  The  follicles  of 
the  intestine,  and  the  medulla  of  bone,  are  those  most 
commonly  involved.  In  the  intestines,  the  follicles 
may  become  so  much  enlarged  as  to  form  distinct  firm 
tumours;  and  the  medulla  of  bone  is,  according  to 
Neumann,  in  exceptional  cases  the  principal  seat  of  the 
diseased  process. 

In  the  course  of  the  disease  a  new  growth  of  lymphatic 
tissue  or  an  infiltration  with  lymphatic  elements  usually 
takes  place  in  non-lymphatic  structures,  princiiially  in 
the  liver  and  kidneys,  less  frequently  in  the  lungs  and 
muscle.  The  new  growth  in  these  organs  sometimes 
forms  distinct  tumours,  but  much  more  commonly  exists 
as  an  infiltrajtion.  How  far  these  lymphoid  growths 
are  the  result  of  a  hyperplasia  of  the  cells  in  the  inter- 
stitial tissue  of  the  organ  in  which  they  are  situated, 
and  how  far  an  emigration  of  the  leucocytes,  which  exist 
in  such  large  numbers  in  the  blood,  takes  part  in  their 
formation,  is  unknown.  The  latter,  however,  is  probably 
the  most  important  factor  in  the  process. 

The  organ  which  is  the  most  common  seat  of  these 
lymphoid  growths  is  the  liver.  Here  the  vessels  through- 
out the  oi'gan  become  enlarged  and  distended  with  white 
blood,  and  the  infiltration  commencing  in  the  interlobular 
tissue,  gradually  extends  into  the  lobules  themselves.  In 
the  earUer  stages,  the  lobules  are  seen  to  be  clearly 
mapped  out  by  a  greyish-white  interlobiilar  infiltration. 
As  this  increases  the  liver-cells  become  compressed  and 
atrophy,  until  ultimately  the  lobules  may  be  entirely 
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replaced  by  it.  Associated  witli  this  infiltration  there  is 
often  a  formation  of  small,  round,  whitish  nodules, 
somewhat  resembling  grey  tubercles.  Owing  to  these 
changes,  the  liver  becomes  very  considerably  increased  in 
size. 

In  the  hidneys,  which  are  also  frequently  affected,  the 
change  is  similar  to  that  in  the  liver.  Here  also  it  con- 
sists for  the  most  part  in  an  infiltration,  with  which  may 
be  associated  the  formation  of  roundish  nodules  and 
masses. 


CHAPTER  XLVII 


THE  PEEPAEATION  AND  MOUNTING  OF 
SPECIMENS. 

In  this,  the  concluding  chapter,  it  is  proposed  to  describe 
very  briefly  the  more  common  methods  of  preparing  and 
mounting  specimens  for  microscopical  examination.  It 
is  not  intended  to  give  an  account  of  those  various  and 
complex  methods  of  investigation  which  are  required  for 
minute  histological  research,  but  merely  to  describe  those 
more  easy  ones  which  suffice  in  the  great  majority  of  cases 
for  the  recognition  of  the  structural  alterations  met  with 
in  disease.  In  order  to  be  as  bi-ief  as  possible,  those 
methods  only  will  be  described  which  I  believe  to  be  the 
most  readily  available  and  at  the  same  time  to  yield  the 
most  satisfactory  results.  The  subject  will  be  treated 
under  the  following  heads  : — 1st.  The  Examination  of 
Specimens  ivldlst  fresh ;  2nd.  The  Hardening  of  Speci- 
mens; 3rd.  The  Malcing  of  Sections;  4th.  Staining j 
5th.  Preservation  and  Mounting. 

THE  EXAMINATION  OP  SPECIMENS  WHILST  EEESH. 

Yery  much  may  be  learnt  from  the  examination  of 
specimens  in  their  fresh  state  before  they  have  been 
submitted  to  any  hardening  process.  The  examiaation 
may  be  conducted  either  by  making  thin  sections  of  the 
tissue  with  a  Valentin's  knife,  or  by  cutting  off  a  minute 
portion  and  tearing  it  to  pieces  with  fine  needles.  The 
specimen  prepared  in  either  of  these  ways  should  be  ex- 
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amined  in  glycerine.  Thin  membranous  structures  may- 
be examined  by  simply  spreading  tbem  out  in  a  drop  of 
water  placed  upon  tbe  glass  slide,  and  then  covering  tbem 
with  glycerine. 

The  method  of  making  sections  of  organs  whilst  fresh 
with  a  Valentin's  knife  is  an  exceedingly  easy  and  useful 
way  of  at  once  ascertaining  in  the  post-mortem  room  the 
existence  of  the  more  marked  structural  changes.  The 
knife  should  be  well  wetted  with  water,  and  then  drawn 
rapidly  through  the  substance  of  the  organ.  The  section 
thus  obtained  is  gently  washed  in  water  before  being  ex- 
amined in  glycerine.  A  rough  examination  of  the  liver, 
kidneys,  and  lungs  is  in  this  way  readily  made. 

The  muscular  fibres  of  the  heart  and  tumours  may  be 
examined  by  the  process  of  teasing.  This  process,  how- 
ever, is  usually  more  readily  efi'ected  after  the  specimen 
has  been  kept  in  Miiller's  fluid  or  in  a  solution  of  bichro- 
mate of  potash  in  the  manner  to  be  hereafter  described. 
In  the  examination  of  tumours,  much  may  be  learnt  by 
gently  scraping  the  freshly-cut  surface  with  a  knife  and 
examining  in  glycerine  the  elements  which  are  thus  sepa- 
rated. 

THE  HARDENING  OF  SPECIMENS. 

In  order  to  make  a  complete  and  satisfactory  examina- 
tion of  diseased  structures,  it  is  in  almost  all  cases  neces- 
sary to  submit  them  to  a  process  of  hardening.  By  this 
process  they  are  so  altered  that  fine  sections  of  them  can 
be  made,  and  the  sections  are  also  rendered  more  fit  for 
permanent  preservation  than  are  those  obtained  from 
tissues  in  their  fresh  state.  Numerous  substances  have 
been  employed  as  hardening  agents.  Those,  however, 
which  are  the  most  generally  valuable  are  Miiller's  fluid, 
chromic  acid,  hicliromate  of  potash,  and  alcohol. 

Miiller's  Fluid. — Of  all  hardening  agents  this  is  much 
the  most  satisfactory  and  the  one  most  generally  appli- 
cable.   It  is  prepared  in  the  following  way : — 

E  E 
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TaJce  of— 

Potassium  Bichromate 
Sodium  Sulphate .  . 

Water  

Dissolve. 


2  parts. 
1  part. 
100  parts. 


The  tissue  should  be  kept  in  this  solution  for  from  one  to 
two  weeks,  and  then  placed  in  common  alcohol  for  two  or 
three  days,  after  which  it  is  ready  for  making  sections. 

The  advantages  of  Miiller's  fluid  are  that  it  alters  the 
macroscopical  characters  of  tissues  less  than  other  har- 
dening agents,  and  its  penetrating  powers  are  so  great 
that  it  is  not  necessary  to  cut  the  tissue  up  into  small 
pieces,  but  the  whole  organ  may  be  placed  in  it.  The 
tissue  may  be  kept  in  it  longer  without  injury  than  in 
otber  aqueous  solutions. 

Miiller's  fluid  is  also  valuable  for  the  maceration 
of  tissues  which  are  to  be  examined  by  teasing — as  tu- 
mours, muscle,  &c.  Its  action  tends  to  facilitate  the 
isolation  of  the  elements. 

Chromic  Acid. — This  is  much  less  generally  applicable 
than  the  preceding.  It  should  be  used  in  aqueous  solu- 
tion— strength  one-sixth  per  cent.  It  is  important  to 
employ  the  solution  in  large  quantities — from  six  to  ten 
fluid  ounces  for  each  specimen.  The  tissue  must  be  cut 
into  small  pieces— not  much  larger  than  a  hazel-nut— 
before  it  is  placed  in  the  solution.  The  hardening  is 
usually  completed  in  from  five  to  eight  days.  It  is  has- 
tened by  renewing  the  solution.  If  kept  too  long  in  the 
solution  the  tissue  becomes  brittle.  All  tissues  which 
have  been  hardened  in  chromic  acid  should  be  placed  in 
common  alcohol  for  about  twenty-four  hours  before  sec- 
tions are  made.  Chromic  acid  is  preferable  for  hardening 
skin  and  mucous  membranes. 

Bichromate  of  Potash— This  agent  is  more  gradual  in 
its  action  than  chromic  acid,  and  produces  less  shrinking 
of  the  tissue.  It  is  especially  valuable  for  the  hardening 
of  kidney,  blood-vessels,  nerve-tissue,  ovary,  and  some 
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other  structures.  It  is  often  advisable  to  commence  the 
hardening  with  bichromate  of  potash,  and  then  to  com- 
plete it  in  chromic  acid  or  common  alcohol.  The  bichro- 
mate is  also  valuable  for  the  maceration  of  tissues  <vhich 
are  to  be  examined  by  teasing.  The  bichromate  should 
be  used  in  aqueous  solution — strength  one  to  two  per  cent. 
It  penetrates  more  readily  than  the  chromic  acid,  and 
consequently  it  is  not  necessary  to  use  quite  such  small 
pieces  of  the  tissue.  The  tissue  must  be  kept  in  the 
solution  from  two  to  four  weeks. 

Alcohol. — This  is  most  valuable  as  an  agent  for  the 
completion  of  the  hardening  of  tissues  which  have  been 
previously  placed  in  Miiller's  fluid,  chromic  acid,  or  in 
bichromate  of  potash.  The  tissues  should  be  kept  in  it 
one  or  two  days.  Some  tissues,  however,  appear  to  harden 
better  if  they  are  at  once  placed  in  alcohol;  amongst 
these  are  the  lymphatic  glands,  spleen,  and  testis.  Com- 
mon (methylic)  alcohol  answers  for  all  these  purposes. 
Lastly,  alcohol  must  be  employed  for  the  hardening  of 
all  tissues  which  have  been  injected.  Absolute  alcohol  is 
often  necessary  for  the  completion  of  hardening  of  many 
tissues. 

The  Softening  of  Tissues.— Some  tissues,  as  osseous 
structures,  tumours  which  have  become  calcified,  &c., 
require  to  be  softened  before  sections  can  be  made.  This 
may  be  effected  by  placing  them  in  the  one-sixth  per  cent, 
chromic  acid  solution,  to  each  six  ounces  of  which  three 
or  more  drops  of  concentrated  hydrochloric  acid  have 
been  added. 

THE  MAKING  OF  SECTIONS. 

Although  various  instruments  have  been  contrived  for 
making  sections,  the  one  which  answers  best  is  a  common 
razor,  or  a  similar  blade  firmly  fixed  in  a  wooden  handle. 
The  usefulness  of  this  instrument  is  much  increased  if  the 
lower  surface  of  the  blade  be  ground  perfectly  flat,  whilst 
the  upper  is  made  slightly  concave. 

Hardened  tissues  from  which  sections  are  to  be  made 
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must  always  Ijave  first  been  placed  in  common  alcohol,  in 
the  manner  already  described.  In  making  the  section  the 
blade  of  the  instrument  must  be  kept  well  wetted  with 
common  alcohol,  and  the  section  when  cut  must  be  placed 
at  once  in  the  same  liquid. 

Imbedding. — Hardened  tissues  which  are  too  small  or 
too  delicate  to  be  held  in  the  hand  for  the  purpose  of 
making  sections,  must  be  imbedded.    The  object  of  im- 
bedding is  to  fix  the  tissue  in  some  substance  which  can 
not  only  be  readily  held,  but  which  can  also  be  easily  cut 
with  the  section-knife.    Various  substances  are  used  for 
this  purpose.    Of  these  the  one  which  is  most  generally 
applicable  is  a  mixture  of  wax  and  olive  oil.  Equal 
quantities  of  pure  white  wax  and  olive  oil  should  be 
warmed  together  and  well  mixed,  and  the  mass  when  cold 
may  be  kept  to  be  used  as  required.  When  a  specimen  is 
to  be  imbedded,  a  small  case  of  paper  should  be  made 
somewhat  larger  than  the  specimen.    The  edges  of  the 
paper  can  be  secured  with  a  little  mucilage  or  with  a  pin. 
The  mixture  of  wax  and  oil  is  then  melted  and  the  paper 
case  filled  with  it.    The  specimen  to  be  imbedded— which 
must  have  been  removed  from  common  alcohol — is  now  to 
he  slightly  dried  on  blotting-paper  and  immersed  in  the 
melted  compound.    The  process  of  immersion  requires  a 
little  care.    The  specimen  should  be  placed  upon  the 
point  of  a  fine  needle,  and  as  soon  as  the  wax  commences 
to  solidify  at  the  sides  of  the  case,  it  must  be  dipped 
beneath  the  melted  liquid  so  as  to  be  completely  covered 
by  it.    The  needle  must  then  be  removed  by  giving  it  a 
gentle  twist  so  as  not  to  disturb  the  specimen.  When 
the  wax  is  cool  the  paper  can  be  removed  and  the  mass 
placed  in  common  alcohol.    Sections  can  be  made  from  it 
when  convenient. 

STAININ&. 

When  the  section  has  been  made  and  placed  in  common 
alcohol,  in  the  manner  described,  it  is  usually  advisable 
to  stain  it.    The  object  of  staining  is  to  impart  to  the 
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different  portions  of  the  tissue  different  shades  of  colour, 
so  that  its  structure  can  be  more  i-eadily  recognised.  The 
substances  which  are  the  most  generally  applicable  for 
this  purpose  are  logwood  and  carmine.  Of  these  logwood 
is  the  preferable,  inasmuch  as  it  not  only  differentiates 
most  tissues  more  completely,  but  it  is  a  much  more 
agi'eeable  colour  to  work  with. 

Staining  with  Logivood.—Th.e  following  is  the  method 
for  preparing  the  logwood  solution  recommended  by  Dr. 
Klein:— 

Take  of— 

Extract,  Hsematox  6  grammes. 

Alumen  18  grammes. 

Mix  thoroughly  in  a  mortar. 

Add  gradualh/  whilst  stirring — 

Distilled  Water  28  cub.  cent. 

Filter. 

To  the  filtrate  add — 

Spirit.  Eect  1  drachm. 

The  solution  must  be  kept  in  a  stoppered  bottle  for  a  few 
days  before  being  used. 

For  staining,  several  (5—10)  drops  are  to  be  added  to 
half  a  watch-glass  of  distilled  water.  The  thus  diluted 
solution  should  be  filtered  before  being  used.  Sections 
which  have  been  removed  from  common  alcohol,  are  to 
be  placed  in  the  dilute  solution  for  from  ten  to  twenty 
minutes,  and  then  to  be  washed  in  distilled  water. 

Gradual  Staining  with  Wealc  Carmine. — In  staining 
with  carmine  two  methods  may  be  employed : — the  one 
consists  in  using  a  strong  solution,  so  as  to  stain  rapidly  ; 
the  other  in  staining  very  gradually  with  a  much  less 
concentrated  liquid.  Of  these,  the  method  of  gradual 
staining  with  weak  solutions  yields  the  most  satisfactory 
results,  inasmuch  as  by  this  means  the  differentiation  of 
the  tissue  is  rendered  more  complete  than  when  the  colo- 
ration is  rapidly  induced.    The  process  of  rapid  staining 
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with  strong  carmine  is,  however,  the  most  convenient,  and 
it  yields,  in  most  cases,  sufficiently  satisfactory  results. 

The  following  is  the  method  for  gradual  staining  re- 
commended by  Dr.  Klein : — 

Tahe  of— 

Powdered  Carmine  .2  grammes. 

Rub  it  up  with  a  few  drops  of  Distilled  Water. 

Add — 

Liquor  AmmoniEe  fort  4  cub.  cent. 

Distilled  Water  48  cub.  cent. 

Mix  together  with  a  glass  rod,  and  filter. 
The  solution  to  be  Icept  in  a  stoppered  bottle. 

For  staining,  take  one  drop  of  the  above  solution,  and 
add  to  it  from  nine  to  twelve  drops  of  distilled  water. 
Sections,  which  have  been  removed  from  common  alcohol, 
to  be  placed  in  this  from  sixteen  to  twenty-four  hours. 

Bapid  Staining  with  Strong  Carmine. — To  stain  ra- 
pidly, the  sections  may  be  placed  in  the  above  strong 
solution  of  carmiue  without  the  addition  of  water.  In 
this  case  the  strong  solution  of  carmine  should  have  been 
kept  exposed  to  the  air  for  a  sufficient  length  of  time  to 
allow  the  excess  of  ammonia  to  escape.  It  is  consequently 
advisable  to  have  two  bottles  of  strong  carmine  solution 
— one  for  rapid,  and  the  other  for  gradual  staining. 

The  time  required  for  rapid  staining  is  from  thirty 
seconds  to  five  minutes.  This,  however,  will  vary  very 
considerably  according  to  the  nature  of  the  tissue  to  be 
stained.  A  knowledge  of  the  amount  of  time  which 
yields  the  best  results  will  be  readily  learnt  by  a  little 
practice. 

The  sections  when  removed  from  the  carmine  staining 
solution  must  be  washed  for  a  few  seconds  in  distilled 
water  containing  one-quarter  per  cent,  of  acetic  acid. 
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PRESERVATION  AND  MOUNTING. 

When  tlie  section  has  been  stained,  it  is  ready  to  be  pre- 
pared for  mounting  permanently.  The  two  substances  m 
which  tissues  are  most  commonly  mounted  are  glycerine 
and  Dammar  varnish.  Of  these,  the  latter  should  be  em- 
ployed in  all  cases  in  which  the  preservation  of  the  section 
is  intended  to  be  permanent.  Many  tissues,  however, 
yield  more  satisfactory  results  when  examined  in  gly- 
cerine ;  but  they  cannot  be  preserved  in  this  liquid  for 
any  great  length  of  time  without  undergoing  some 
alteration. 

The  methods  of  mounting  in  Dammar  varnish  and 
glycerine  must  be  described  separately. 

Mounting  in  Dammar  Varnish—When  the  section  is 
to  be  mounted  in  Dammar— it  having  been  already 
stained  and  washed— it  must  first  be  placed  in  ahsolute 
alcohol  for  abotit  a  quarter  of  an  hour.  From  the  alcohol 
it  must  be  transferred  to  oil  of  cloves,  the  superfluous 
alcohol  having  been  first  removed  from  the  section  by 
blotting-paper.  In  the  oil  of  cloves  it  becomes,  in  a  few 
seconds,  quite  transparent.  The  superfluous  oil  must 
be  removed  by  blotting-paper,  and  the  section  is  then 
ready  for  mounting  in  the  Dammar  varnish.  If  more 
convenient,  it  may  be  kept  for  one  or  two  days  in  the  oil 
of  cloves  before  it  is  mounted  in  the  Dammar.  In  order  to 
make  the  specimen  still  more  secure,  a  layer  of  the 
varnish  may  be  placed  round  the  edge  of  the  covering 
glass  a  few  days  after  the  section  has  been  mounted. 

The  following  is  the  method  for  preparing  the  Dammar 
varnish : — • 
Tahe  of — 

Gum  Dammar  in  powder  ^  oz.,  and  dissolve  it  in 

Turpentine  1^  oz.  Filter. 
Gum  Mastic  i  oz.,  and  dissolve  it  in  Chloroform 

2  oz.  Filter. 
Mix  the  two  filtered  solutions,  and  again  filter. 
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Mounting  in  Ghjcerine.— When  the  section  is  to  be 
mounted  in  glycerine  no  further  preparation  is  necessary. 
It  is  simply  washed  in  distilled  water  and  at  once  trans- 
ferred to  a  drop  of  strong  glycerine  upon  the  slide.  The 
edges  of  the  covering  glass  must  then  be  fastened  down 
with  some  cementing  liquid.  The  Dammar  varnish  an- 
swers exceedingly  well  for  this  purpose. 
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ABSCESS,  217 

in  connective  tissue,  275 
of  bone,  279 
„        of  brain,  336 
„        of  kidneys,  321 
„        of  liver,  316 
„        of  lungs,  344 
„        of  lymphatic  glands,  299 
Acute  miliary  tuberculosis,  226 
Adenomata,  158 

„        of  mammary  gland,  159 
„        of  mucous  membranes,  161 
Adeno-myxoma,  159 
-sarcoma,  159 
Adipose  tissue,  atropby  of,  23 
,,  growth  of,  36 

Alimentary  canal,  amyloid  degeneration  of,  82 
Amyloid  degeneration,  68 

„  „  of  alimentary  canal,  82 

„  „  of  kidneys,  76 

of  liver,  74 

of  lymphatic  glands,  81 
„  „  of  spleen,  80 

„       substance,  nature  of,  69 
„  ,,  reactions  of,  69 

,,  ,,  source  of,  73 

Anglomata,  152 
Aneurism,  from  arteritis,  286 

„         „     embolism,  405 
Arteries,  atheroma  of,  284 
„       calcification  of,  89 
„      fatty  degeneration  of,  51 
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Arteries,  inflammation  of,  284 

„       in  chronic  Briglit's  disease,  333 

„       in  syphilis,  365 
Atheroma,  284 
Atrophy,  22 

„       causes  of,  25 

„       numerical,  24 

„       physical  characters  of,  29 

„       simple,  22 

„       of  adipose  tissue,  23 


gACTERIA,  253 

Blood,  as  cause  of  disease,  2 
„     alteration  of,  in  malignant  growths.  111 
„     ante-mortem  coagulation  of — see  "  Thrombosis' 
„     post-mortem  coagulation  of,  389 

Blood-corpuscles,  as  source  of  new  formations,  1 15 
„  as  source  of  pus,  218 

„  emigration  of,  in  inflammation,  208 

„  exudation  of,  in  mechanical  hyperemia. 

Blood-cysts,  177 

Blood-vessels,  amyloid  degeneration  of,  71  &  77 

„  calcification  of,  89 

„  fatty  degeneration  of,  51 

„  inflammation  of,  284 

Bone,  atrophy  of,  30 
„     caries  of,  280 
„     inflammation  of,  278 
„     necrosis  of,  280 
„     sclerosis  of,  279 
Brain,  abscess  of,  335 
„     embolism  in,  409 
„     fatty  degeneration  of,  54 
„     inflammation  of,  335 
,,  ■  inflammatory  softening  of,  336 
„     softening  of,  from  embolism,  409 
„     red  softening  of,  56,  409 
„     sclerosis  of,  337 
„     thrombosis  of,  409 
„     tubercle  of,  238,  240 
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Brain,  white  softening  of,  55 

„     yellow  softening  of,  56 
Brown  atrophy  of  heart,  61 

„     induration  of  lungs,  386 

QACHEXIA,  cancerous,  109 
Calcareous  degeneration,  85 

„  „  of  arteries,  89 

Cancer,  180 

„       adenoid,  196 

„       blood-vessels  of,  183 

cells  of,  181 
„       clinical  characters  of,  196 
„       colloid,  190 
„       development  of,  183 
„       encephaloid,  188 
,,       epithelial,  191 
„       lymphatics  of,  183 
„       melanotic,  186 
„       osteoid,  186 
„       scirrhus,  186 
„       secondary  changes  in,  185 
„       stroma  of,  182 
,,       structure  of,  180 
„       varieties  of,  186 
Capillaries,  fatty  degeneration  of,  53 
Caries,  280 

Carmine  for  staining,  422 
Cartilage,  erosion  of,  269 

,,         inflammation  of,  268 
Caseation,  49 

„       of  products  of  scrofulous  inflammation,  223 

„        of  tubercle,  285 
Caseous  masses,  pathological  significance  of,  50 
Carcinomata,  180 
Catarrh,  305 

Cell,  as  seat  of  nutrition,  5 
„    definition  of,  12 
„    limiting  membrane  of,  8 
„   nucleus  of,  8,  9 
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Cell,  protoplasm  of,  7,  9 
Cells,  constitution  of,  6 
„    genesis  of,  10 
„    "indifferent,"  116 
„    multiplication  of,  10 
„    physiology  of,  8 
Cell-wall,  nature  of,  8 
Cerebral  softenings,  54,  409 
Cicatricial  tissue,  274 
Clots,  ante-mortem,  390 
„     post-mortem,  389 
Cloudy  swelling,  211 
Colloid  cancer,  190 
„     degeneration,  63 
„     of  muscle,  66 
Condylomata,  156 
Congestion,  see  "  Hypersemia" 
Connective  tissue,  fatty  infiltration  of,  36 
„  ,,     inflammation  of,  272 

„  „      suppuration  of,  275 

Cornea,  inflammation  of,  270 
Corpora  amylacea,  82 
Corpuscles,  exudation,  47 
Croup,  308 
Cystic-sarcoma,  166 
Cysts,  199 

„     classification  of,  202 
„     modes  of  origin  of,  199 
„      secondary  changes  in,  201 
„     structure  of,  200 


"TvAMMAK  varnish  for  mounting,  423 
Degeneration,  33 

„  amyloid,  68 

calcareous,  85 
„  causes  of,  34 

„  colloid,  64 

fatty,_35 
„  mucoid,  63 

„          pigmentary,  91 
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Diphtheria,  310 
Disease,  definition  of,  1 
Dysentery,  310 

JIMBOLISM:,  401 

„  in  brain,  409 

„  results  of,  405 

Emigration  of  white  blood-corpuscles  in  inflammation,  208 
Emphysema,  31 
Encepbaloid  cancer,  188 
Enchondromata,  132 
Endocarditis,  289 

,,  acute,  291 

„  chronic,  293 

„  ulcerative,  292 

Epithelioma,  191 

„         cylindrical,  196 
Epulis,  128,  17.6 
Exostoses,  138 
Exudation  corpuscles,  47 
Exudation  in  inflammation,  cause  of,  216 

„        of  liquor  sanguinis  in  inflammation,  209 
,,       in  mechanical  hypersemia,  382 

J^AT,  absorption  of,  49 

„  source  of,  in  fatty  degeneration,  36 

„  „        infiltration,  36,  40 
Fatty  degeneration,  35 

„  „         causes  of,  36 

„  ,,         of  arteries,  51 

„  „         of  brain,  54 

„  „         of  capillaries,  53 

„  „         of  heart,  58 

„  „         of  kidneys,  61 

„  ,,         of  muscle,  57 

„  infiltration,  40 

,,  „        of  connective  tissue,  36 

„  '  „         of  heart,  41 

„  „         of  liver,  43 

„  „        of  muscle,  40 
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Fibroid  induration,  as  result  of  inflammation,  221 
„  „  „       of  mechanical  byperaemia, 

„  „  „       of  sypbilis,  260 

„  „  of  heart,  294 

Fibromata,  126 

Fibroplastic  tumour,  see  "  Sarcomata  spindle-celled'' 


causes  of,  18 
dry,  14 

evidences  of,  14 
moist,  14 
senile,  21 


Gummata,  261 

TT  ^MATOIDIN,  92 

HEemorrbagic  infarct,  407 

Heart,  brown  atrophy  of,  61 
„     changes  in  pyrexia,  103 
,      fatty  degeneration  of,  58 

„    infiltration  of,  41 
„     fibroid  induration  of,  294 
„     inflammation  of,  289 

Heterology,  118 

Hodgkin's  disease,  147 

Homology,  118 

Horns,  156 

Hypereemia,  378 


Genesis  of  cells,  10 
Giant  cells,  231 
Glioma,  173 
Gluge,  corpuscles  of,  47 
Grey  degeneration,  337 


active,  378 
mechanical,  381 


J) 


of  liver,  384 
of  lungs,  386 


post-mortem  appearances  of,  387 


Hyperplasia,  105 
Hypertrophy,  105 
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JNFAECT,  407 

Infiltrations,  34 
Infiltration,  fatty,  40 
Inflammation,  204 

„  acute,  220 

„  alterations  in  nutrition  in,  210 

„  as  cause  of  gangrene,  20 

„  causes  of  blood-stasis  in,  214 

„  changes  in  the  blood-vessels  and  circulation  in,  205 

„  chronic,  220 

„  croupous,  308 

„  emigration  of  red  blood-corpuscles  in,  209 
„  „        of  white  blood-corpuscles,  in,  208 

„  exudation  of  liquor  sanguinis  in,  209 

„  fibrinous,  308 

„  formation  of  pus  in,  218 

•  „  idiopathic,  222 

„  infective,  221 

„  scrofulous,  228 

„  specific,  222 

„  stasis  in,  207 

„  traumatic,  222 

„  varieties  of,  220 

„  of  arteries,  284 

„  of  blood-vessels,  284 

„  of  bone,  278 

„  of  brain  and  spinal  cord,  335 

„  of  cartilage,  268 

„  of  common  connective  tissue,  272 

„  of  cornea,  270 

„  of  heart,  289 

„  of  kidney,  321 

„  of  liver,  316 

„  of  lungs,  339 

„  of  lymphatic  structures,  298 

„  of  mucous  membranes,  305 

„  of  serous  membranes,  312 

„  of  veins,  287 
Inflammatory  new  formations,  nature  of,  107 

„  fever — see  "Surgical  Fever" 

„  stasis,  207 

F  F 
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Interstitial  hepatitis,  317 

„        nepliritis,  322,  330 
„        pneumonia,  351 
Intestine,  amyloid  degeneration  of,  82 
„        tuberculosis  of,  242 
„        typhoid  ulceration  of,  302 

TZIDNEY,  abscess  of,  321 

„  amyloid  degeneration  of,  76 

„  fatty  degeneration  of,  61 

„  inflammation  of,  321 

„  interstitial  nephritis,  330 

„  leuksemic  growth  in,  415 

„  surgical,  322 

„  scarlatinal  nephritis,  328 

„  suppurative  nephritis,  321 

„  tubal  nephritis,  324 

T  AEDACEOUS  degeneration— see  "  Amyloid  Degeneration' 

Leukaemia,  412 
Leuksemic  growths  in  kidney,  415 
„       in  liver,  414 

in  lymphatic  glands,  414 
in  spleen,  413 

J,  71  r  J 

Lipomata,  130 
Liver,  abscess  of,  316 

acute  inflammation  of,  316 
acute  yellow  atrophy  of,  320 
amyloid  degeneration  of,  74 
changes  in  pyi-exia,  102 
cirrhosis  of,  317 
fatty  infiltration  of,  43 
leukffimic  growth  in,  414 
nutmeg,  384 

syphilitic  growths  in,  2G6 
Logwood  for  staining,  421 
Lungs,  abscess  of,  344 

,,     broncho-pneumonia,  345 
„     brown  induration  of,  386 
catarrhal  pneumonia,  345 
cirrhosis  of-  sea  "  Interstitial  Pneumonia" 
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Lungs,  croupous  pneumonia,  339 
emphyBema  of,  31 
gangrene  of,  344 
inflammation  of,  339 
interstitial  pneumonia,  351 
pigmentation  of,  96 
phthisis,  359 
„     tuberculosis  of,  244 
Lymphadenoma— see  "  Lymphomata'' 
Lymphatic  glands,  amyloid  degeneration  of,  81 
„     inflammation  of,  acute,  298 

chronic,  299 
„     leuksemic  growths  in,  414 

non-inflammatory  enlargement  of— see 
"  Lymphomata" 
J,     scrofulous,  300 
„     tuberculosis  of,  241 
structures,  inflammation  of,  in  typhoid  fever,  300 

Lymphomata,  143 
Lympho-sarcoma,  146 

MALIGNANCY,  120 
cachexia  as  evidence  of,  109 
difl"erent  degrees  of,  121 
„          multiplicity  as  evidence  of,  110 

recurrence  after  removal  as  evidence  of,  110 
„         secondary  growths  as  evidence  of,  110 
Mammary  gland,  adenoma  of,  159 

adeno-fibroma  of,  160 
J,     adeno-sarcoma  of,  160 
„     cystic-sarcoma  of,  161 
„     scirrhus  of,  187 
Melansemia,  95 
Melanin,  94 
Melanotic  cancer,  186 

„      sarcoma,  169 
Melanosis — see  "Melanotic  Sarcoma" 
Meningitis,  tubercular,  238 
Metamorphoses,  34 
Mollities  ossium,  281 
MoUuscum  fibrosum,  128 
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Mortification,  13 

Mounting  of  specimens,  416 

Mucoid  degeneration,  63 

Mucous  membranes,  adenomata  of,  161 

'»  I,        catarrhal  inflammation  of,  305 

II  »        croupous  inflammation  of,  308 

II  II        fibrinous  inflammation,  308 

II  II        tuberculosis  of,  242 

Mailer's  fluid,  417 

Mummification,  14 

Muscle,  fatty  degeneration  of,  57 
„      fatty  infiltration  of,  40 
„      in  typhoid  fever,  66 

Myeloid  tumour,  175 

Myelitis,  336 

Myocarditis,  293 

Myomata,  150 

Myoma  of  uterus,  151 

Myxomata,  140 

]>^ECEOBIOSIS,  24 
Necrosis,  18,  280 
Nephritis — see  "  Inflammation  of  Kidney" 
New  formations,  107 
Nervous  system,  as  cause  of  atrophy,  28 

i>         II         II         disease,  3 
Neuromata,  151 
Nucleoli,  8 
Nucleus,  8 

„       function  of,  9 
Nutrition,  arrested,  13 

„       definition  of,  2 

„       impaired,  22 

„       increased,  105 

QSTEOMALACIA,  281 

Osteomata,  137 
Osteo- chondroma,  135 
Osteoid  sarcoma,  171 
Osteophytes,  138 
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pAPILLOMATA,  154 

Periostitis,  279 
Pia  mater,  tuberculosis  of,  238 
Phlegmasia  dolens,  399 
Phthisis,  pulmonary,  359 

"colliers',"  98,354 

etiology  of,  373 
„  „        histology  of,  360 

„  „        older  doctrines  respecting,  359 

„  „        pathology  of,  369 

„  „        tubercle  in,  360 

„  ,,        varieties  of,  376 

Pigmentary  degeneration,  91 
Pigmentation,  false,  95 
Pigmentation  of  lungs,  96 

„         of  sputum,  99 
Pigment,  source  of,  91 
Pneumonia,  broncho  or  catarrhal,  345 
„       croupous,  339 
„       hypostatic,  350 
„       interstitial  or  chronic,  351 
Post-mortem  staining,  15 
Protoplasm,  7,  9 

„       coagulation  of,  after  death,  17 
Psammoma,  176 
Pus,  characters  of,  217 

„   origin  of,  218 
Pulmonary  phthisis — see  "  Phthisis,  pulmonary' ' 
Pyaemia,  257 

„     pathology  of  metastatic  abscesses  in,  258 
„      relation  of,  to  septicaemia,  257 
Pyrexia,  tissue  changes  in,  101 


■niCKETS,  282 

Eigor  mortis,  15 


nature  of  change  in  muscle  in,  16 


"  QAGO  spleen,"  80 
Sarcomata,  163 
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Sarcomata,  alveolar,  174 

„       clinical  characters  of,  177 

„        cystic,  174 

„        melanotic,  169 

„        myeloid,  175 

„        osteoid,  171 

„       round-celled,  172 

„        spindle-celled,  167 
Scarlatina,  kidney  changes  in,  328 
Scirrhus  cancer,  186 
Sclerosis  of  bone,  279 

„        nerve,  337 
Scrofulous  inflammation,  223 
Senile  gangi-ene,  21 
Septicaemia,  250 

„         bacteria  in,  253 

„         nature  of  poison,  253 

„         relation  to  pyaemia,  257 
Serous  effusion,  as  result  of  inflammation,  209 

„       „       of  mechanical  hyperemia,  382 
Serous  membranes,  inflammation  of,  312 
Slough,  separation  of,  18 
Specimens,  examination  of,  whilst  fresh,  416 

„        hardening  of,  417 

„        imbedding  of,  420 

„        making  sections  of,  419 

„        mounting  of,  423 

„        preparation  and  mounting  of,  416 

„        softening  of,  419 

„        staining  of,  420 
Spinal  cord,  inflammation  of,  335 

„         sclerosis  of,  337 
Spleen,  amyloid  degeneration  of,  80 
„     leuksemic,  413 
„     in  typhoid  fever,  300 
Staining  of  sections,  420 
Suppuration,  217 
Syphilis,  260 

„       arterial  changes  in,  265 
fibroid  changes  in,  260 
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Syphilis,  gummata  in,  261 

„       nature  of  lesions  in,  260 

mHROMBOSIS,  389 

„  causes  of,  394 

„  results  of,  398 

Thrombus,  390 

J,        organization  of,  391 

„        softening  of,  393 
Traumatic  fever,  261 
Tumonrs,  108 

„      classification  of,  125 

constitutional  predisposing  causes  of,  108 

„      development  of,  114 

„      direct  exciting  causes  of,  113 

„      etiology  of,  108 

origin  of,  from  emigrant  cells,  115 

]]      relation  of,  to  the  surrounding  tissues,  119 

„      retrogressive  changes  in,  119 

Tubercle,  226 

„      in  pulmonary  phthisis,  360 

older  doctrines  respecting,  226,  359 
Tuberculosis,  acute,  226 

artificial  production  of,  227 
giant  cells  in,  231 
infective  nature  of,  227 
limited  to  single  organs,  236 
„         nature  of  lesions  in,  230 
„         of  lungs,  244 
„        of  lymphatic  glands,  241 
„         of  mucous  membranes,  242 
„         of  pia  mater,  238 

source  of  infection  in,  229 
Tubercular  meningitis,  238 
Typhoid  fever,  300 

„      muscular  change  in,  66 

TTLCERATION,  tubercular,  of  intestine,  243 

„  typhoid,  of  intestine,  ^02 

Uterus,  myoma  of,  151 
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yACUOLATION,  11 

Veins,  inflammation  of,  287 


WARTS,  155 
Wens,  128 


THE  END. 


